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Let your food be your medicine and let your medicine be your food.

—Hippocrates
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PREFACE


There is an ever-growing appreciation of the role of diet in determining our level of health. It is now well established that certain dietary practices cause, as well as prevent, a wide range of diseases. In addition, more and more research is accumulating that indicates certain diets and foods offer immediate therapeutic benefit.

However, as people learn more about the value of proper nutrition, they often become confused by the conflicting opinions they encounter. The purpose of this book is to provide the most up-to-date answers to some important basic questions about nutrition:


What is a healthy diet?

How do I know what to eat and in what quantities?

How much protein, fat, fiber, and other food factors do I need in my diet?

What properties do individual foods possess?

If foods are medicines, which ones offer the greatest benefit for specific health problems?



More important, we hope that this information will inspire you to make healthier food choices. Our belief is that healthier food choices will result in a healthier and happier existence.

The human body is remarkable and truly wondrous, but most Americans are not feeding the body the high-quality fuel it deserves and needs. When a dynamic living organism does not receive the proper building blocks it needs for energy, maintenance, or repair, it is only a matter of time before it fails to run in an efficient manner. Stated another way, if the body is not fed the full range of nutrients it needs, how can it be expected to stay in a state of good health?

The human body, the vessel of your soul, is something to be cherished. Ralph Waldo Emerson said, “The first wealth is health.” We agree with this sentiment and urge you to make eating a healthy diet a lifetime habit. With that goal in mind, we offer you The Encyclopedia of Healing Foods: A Comprehensive Guide to the Healing Power of Nature’s Best Medicine.

•  •  •

May you live in good health, with passion and joy!

Michael T. Murray, N.D.
Joseph E. Pizzorno, N.D.
Lara Pizzorno, M.A., L.M.T.
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Basic Principles of a Good Diet



Human Nutrition: An Evolutionary Perspective

In order to answer the question “What is a healthy diet?,” it is important to first take a look at what our body is designed for. Is the human body designed to eat plant foods, animal foods, or both? Respectively, are we herbivores, carnivores, or omnivores?

While the human gastrointestinal tract is capable of digesting both plant and animal foods, there are indications that we evolved to digest primarily plant foods. Specifically, our teeth are composed of twenty molars, which are perfect for crushing and grinding plant foods, along with eight front incisors, which are well suited for biting into fruits and vegetables. Only our front four canine teeth are designed for meat eating, and our jaws swing both vertically to tear and laterally to crush, while carnivores’ jaws swing only vertically. Additional evidence that supports the human body’s preference for plant foods is the long length of the human intestinal tract. Carnivores typically have a short bowel, while herbivores have a bowel length proportionally comparable to humans’.

To answer the question of what humans should eat, many researchers look to other primates, such as chimpanzees, monkeys, and gorillas. These nonhuman wild primates are omnivores. They are also often described as herbivores and opportunistic carnivores in that although they eat mainly fruits and vegetables, they may also eat small animals, lizards, and eggs if given the opportunity. For example, the gorilla and the orangutan eat only 1 percent and 2 percent of animal foods as a percentage of total calories, respectively. The remainder of their diet is derived from plant foods. Since humans are between the weight of the gorilla and orangutan, it has been suggested that humans are designed to eat around 1.5 percent of their diet in the form of animal foods. However, most Americans derive well over 50 percent of their calories from animal foods.

Since wild primates fill up on wild fruit and other highly nutritious plant foods, those weighing one tenth the amount of a typical human ingest nearly ten times the level of vitamin C and much higher amounts of many other vitamins and minerals (see Table 1.1). How is this possible? One reason is that the cultivated fruit in an American supermarket is far different from the wild fruit of the primate’s diet, having a slightly higher protein content and a higher content of certain essential vitamins and minerals. Cultivated fruit tends to be higher in sugars and, while very tasty to humans, it is not nearly as nutritious. In fact, it raises blood sugar levels much more quickly than its wild counter-parts do.

There are other differences in the wild primate diet that are also important to highlight, such as a higher ratio of alpha-linolenic acid—the essential omega-3 fatty acid—to linoleic acid—the essential omega-6 fatty acid. A higher ratio of omega-3 fatty acid decreases the likelihood of the development of inflammatory and chronic diseases as well as their severity. Finally, the wild primate diet is very high in fiber, while the average American diet is not. A high-fiber diet protects against heart disease and many types of cancer.

Determining what diet humans are best suited for may not be as simple as looking at the diet of wild primates. Humans have some significant structural and physiological differences compared to apes. The key difference may be our larger, more metabolically active brains. In fact, it has been theorized that a shift in dietary intake to more animal foods may have produced the stimulus for human brain growth. The shift itself was probably the result of limited food availability, which forced early humans to hunt grazing mammals such as antelope and gazelle. Archaeological data support this association—humans’ brains started to grow and become more developed at about the same time evidence shows an increase of animal bones being butchered with stone tools at early villages.



	TABLE 1.1 Estimated Mineral Intakes of Wild Monkeys and Humans



	Mineral
	Total Daily Intake for 7 Kilogram Adult Wild Male Monkey (milligrams)
	RDA for 70 Kilogram Adult Human Male (milligrams)



	Calcium
	4,571
	800



	Phosphorus
	728
	800



	Potassium
	6,419
	1,600-2,000



	Sodium
	182
	500



	Magnesium
	1,323
	350



	Iron
	38.5
	10



	Manganese
	18.2
	2.0-5.0



	Copper
	2.8
	1.5-3.0



	From: Milton, K., “Nutritional Characteristics of Wild Primate Food: Do the Diets of Our Closest Living Relatives Have Lessons for Us?” Nutrition 1999:15; 488-498.





While improved dietary quality alone cannot fully explain why human brains grew, it definitely appears to have played a critical role. With their bigger brains, early humans were able to engage in more complex social behavior, which led to improved foraging and hunting tactics, which, in turn, led to even higher quality food intake that fostered additional brain evolution.

Data from anthropologists looking at evidence from hunter-gatherer cultures is providing much insight as to what humans are designed to eat. However, it is important to point out that these cultures were not entirely free to determine their diets. Instead, their diets were molded as a result of what was available to them. For example, the diet of the Inuit Eskimos is far different from that of the Australian Aborigines. Therefore, it may not be appropriate to answer the question “What should humans eat?” simply by looking at these studies alone.

Nonetheless, regardless of whether a hunter-gatherer community relied on animal or plant foods, the rate of diseases of civilization such as heart disease and cancers was extremely low.

How is this possible? One reason is that the meat our ancestors consumed was much different from the meat we find in the supermarket today. Domesticated animals have always had higher fat levels than their wild counterparts, but the desire for tender meat has driven the fat content of domesticated animals to 25 to 30 percent or higher compared to a fat content of less than 4 percent for free-living animals or wild game. In addition, the type of fat is considerably different. Domestic beef contains primarily saturated fats and virtually undetectable amounts of omega-3 fatty acids. In contrast, the fat of wild animals contains over five times more polyunsaturated fat per gram and has desirable amounts of beneficial omega-3 fatty acids (approximately 4 percent).

What conclusions can we draw from the evidence of the wild primate and hunter-gatherer diets about how we should eat today? Overwhelmingly, it appears that humans are better suited to a diet composed primarily of plant foods. This position is supported also by a tremendous amount of evidence showing that deviating from a predominantly plant-based diet is a major factor in the development of heart disease, cancer, strokes, arthritis, and many other chronic degenerative diseases. It is now the recommendation of many health and medical organizations that the human diet should focus primarily on plant-based foods, comprising vegetables, fruits, grains, legumes, nuts, and seeds.

The evidence supporting diet’s role in chronic degenerative diseases is substantial. There are two basic facts linking the diet-disease connection:


	A diet rich in plant foods is protective against many diseases that are extremely common in Western society.

	A diet providing a low intake of plant foods is a causative factor in the development of these diseases and provides conditions under which other causative factors became more active.




The Pioneering Work of Denis Burkitt and Hugh Trowell

Much of the link between diet and chronic disease originated from the work of two medical pioneers: Denis Burkitt, M.D., and Hugh Trowell, M.D., editors of Western Diseases: Their Emergence and Prevention, first published in 1981. Although now extremely well recognized, the work of Burkitt and Trowell is actually a continuation of the landmark work of Weston A. Price, a dentist and author of Nutrition and Physical Degeneration. In the early 1900s, Dr. Price traveled the world observing changes in teeth and palate (orthodontic) structure as various cultures discarded traditional dietary practices in favor of a more “civilized” diet. Price was able to follow individuals as well as cultures over periods of twenty to forty years, and he carefully documented the onset of degenerative diseases as their diets changed.

Based on the extensive studies examining the rate of diseases in various populations (epidemiological data), including the groundbreaking work of Dr. Price and their own observations of primitive cultures, Burkitt and Trowell formulated the following sequence of events:

First stage: In cultures consuming a traditional diet consisting of whole, unprocessed foods, the rate of chronic diseases, such as heart disease, diabetes, and cancer is quite low.

Second stage: Commencing with eating a more “Western” diet, there is a sharp rise in the number of individuals with obesity and diabetes.

Third stage: As more and more people abandon their traditional diet, conditions that were once quite rare become extremely common. Examples of these conditions include constipation, hemorrhoids, varicose veins, and appendicitis.

Fourth stage: Finally, with full Westernization of the diet, other chronic degenerative or potentially lethal diseases, including heart disease, cancer, osteoarthritis, rheumatoid arthritis, and gout, become extremely common.

Since the publication in Western Diseases of Burkitt and Trowell’s pioneering research, a virtual landslide of data has continually verified the role of the Western diet as the key factor in virtually every chronic disease, but especially in obesity and diabetes. In 1984, the Food and Nutrition Board of the National Research Council established the Committee on Diet and Health to undertake a comprehensive analysis on diet and major chronic diseases. Their findings, as well as those of the U.S. surgeon general, the National Cancer Institute, and other highly respected medical groups brought to the forefront the need for Americans to change their eating habits to reduce their risk for chronic disease. Table 1.2 lists diseases with convincing links to a diet low in plant foods. Many of these now-common diseases were extremely rare before the twentieth century.

Trends in U.S. Food Consumption

During the twentieth century, food consumption patterns changed dramatically. Total dietary fat intake increased from 32 percent of calories in 1909 to 43 percent by the end of the century; carbohydrate intake dropped from 57 percent to 46 percent; and protein intake has remained fairly stable at about 11 percent.



	
TABLE 1.2 Diseases Highly Associated with a Diet Low in Plant Foods




	Type of Disease
	Diseases



	Metabolic
	Obesity, gout, diabetes, kidney stones, gallstones



	Cardiovascular
	High blood pressure, strokes, heart disease, varicose veins, deep-vein thrombosis, pulmonary embolism



	Colonic
	Constipation, appendicitis, diverticulitis, diverticulosis, hemorrhoids, colon cancer, irritable bowel syndrome, ulcerative colitis, Crohn’s disease



	Other
	Dental caries, autoimmune disorders, pernicious anemia, multiple sclerosis, thyrotoxicosis, psoriasis, acne




Compounding these detrimental changes are the individual food choices accounting for the changes. There were significant increases in the consumption of meat, fats and oils, and sugars and sweeteners in conjunction with a decreased consumption of noncitrus fruits, vegetables, and whole-grain products. But the biggest change in the last hundred years of human nutrition was the switch from a diet with a high level of complex carbohydrates, as found naturally occurring in grains and vegetables, to a tremendous and dramatic increase in the number of calories consumed in the form of simple sugars. Currently, more than half of the carbohydrates being consumed are in the form of sugars such as sucrose (table sugar) and corn syrup, which are added to foods as sweetening agents. High consumption of refined sugars is linked to many chronic diseases, including obesity, diabetes, heart disease, and cancer.

The Government and Nutrition Education

Throughout the years, various governmental organizations have published dietary guide-lines, but it has been the recommendations of the U.S. Department of Agriculture (USDA) that have become the most widely known. In 1956,the USDA published “Food for Fitness—A Daily Food Guide.” This became popularly known as the Basic Four Food Groups. The Basic Four were:


	The Milk Group: milk, cheese, ice cream, and other milk-based foods

	The Meat Group: meat, fish, poultry, and eggs, with dried legumes and nuts as alternatives

	The Fruits and Vegetables Group

	The Breads and Cereals Group



One of the major problems with the Basic Four Food Groups model was that it suggested graphically that the food groups were equal in health value. The result was an overconsumption of animal products, dietary fat, and refined carbohydrates and insufficient consumption of fiber-rich foods such as fruits, vegetables, and legumes. This in turn resulted in the diet being responsible for many premature deaths, chronic diseases, and increased health care costs.



	TABLE 1.3 Quantities of Foods Consumed per Capita (pounds per year)



	Foods
	1909
	1967
	1985
	1999



	Meat, poultry, and fish:
	 
	 
	 
	 



	Beef
	54
	81
	73
	66



	Pork
	62
	61
	62
	50



	Poultry
	18
	46
	70
	68



	Fish
	12
	15
	19
	15



	Total
	146
	203
	224
	199



	Eggs
	37
	40
	32
	32



	Dairy products:
	 
	 
	 
	 



	Whole milk
	223
	232
	122
	112



	Low-fat milk
	64
	44
	112
	101



	Cheese
	5
	15
	26
	30



	Other
	47
	159
	190
	210



	Total
	339
	450
	450
	453



	Fats and oils:
	 
	 
	 
	 



	Butter
	18
	6
	5
	5



	Margarine
	1
	10
	11
	8



	Shortening
	8
	16
	23
	22



	Lard and tallow
	12
	5
	4
	6



	Salad and cooking oil
	2
	16
	25
	29



	Total
	41
	53
	68
	70



	Fruits:
	 
	 
	 
	 



	Citrus
	17
	60
	72
	79



	Noncitrus:
	 
	 
	 
	 



	Fresh
	154
	73
	87
	115



	Processed
	8
	35
	34
	37



	Total
	179
	168
	193
	231



	Vegetables:
	 
	 
	 
	 



	Tomatoes
	46
	36
	38
	55



	Dark green and yellow
	34
	25
	31
	39




	Other:
	 
	 
	 
	 



	Fresh
	136
	87
	96
	126



	Processed
	8
	35
	34
	39



	Total
	224
	183
	199
	259



	Potatoes, white:
	 
	 
	 
	 



	Fresh
	182
	67
	55
	49



	Processed
	0
	19
	28
	91



	Total
	182
	86
	83
	140



	Dry beans, peas, nuts, and soybeans
	16
	16
	18
	22



	Grain products:
	 
	 
	 
	 



	Wheat products
	216
	116
	122
	150



	Corn
	56
	15
	17
	28



	Other grains
	19
	13
	26
	24



	Total
	291
	144
	165
	202



	Sugar and sweeteners:
	 
	 
	 
	 



	Refined sugar
	77
	100
	63
	68



	Syrups and other sweeteners
	14
	22
	90
	91



	Total
	91
	122
	153
	159



	From: Economic Research Service, United States Department of Agriculture, “Food Consumption (per Capita) Data System,” www.ers.usda.gov.




To replace the Basic Four Food Groups model, various other government and medical organizations developed guidelines of their own, designed either to reduce a specific chronic degenerative disease such as cancer or heart disease or to reduce the risk for all chronic diseases.

In an attempt to create a new model in nutrition education, the USDA published the “Eating Right Pyramid” in 1992. Since it received harsh criticism from numerous experts and other organizations, it was altered visually in 2005 (see page 10).

One of the main criticisms of the Eating Right Pyramid is that it does not stress strongly enough the importance of quality food choices. For example, the USDA thinks foods from the Bread, Cereal, Rice, & Pasta Group should make up the bulk of your diet. Eat six to eleven servings a day from this group, and you are supposedly on your way to a healthier life. What the pyramid doesn’t tell you is that you are setting yourself up for insulin resistance,obesity,and adult-onset diabetes if you consistently choose refined products (those containing white flour) rather than whole-grain products in this important category.

FIGURE 1.1
 USDA Eating Right Pyramid
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You see, the Eating Right Pyramid does not take into consideration how quickly blood sugar levels rise after eating a particular type of food—an effect referred to as the food’s glycemic index, or GI. The GI is a numerical scale used to indicate how fast and how high a particular food raises blood glucose (blood sugar) levels. There are two versions of the GI, one based on a standard of comparison that uses glucose scored as 100, while the other is based on white bread. Foods are tested against the results of the selected standard. Foods with a lower glycemic index create a slower rise in blood sugar, while foods with a higher glycemic index create a faster rise in blood sugar.

The glycemic indices of some of the foods the pyramid is directing Americans to eat more of, such as breads, cereals, rice, and pasta, can greatly stress blood sugar control, especially if they are derived from refined grains, and are now being linked to an increased risk for obesity, diabetes, and cancer. As a result, while the goal of the Eating Right Pyramid was to improve the health of Americans and, it was hoped, slow down the growing trend for obesity and diet-related disease, the fact is that because of poor individual food choices within the categories, the pyramid has only worsened the problem.

In light of this, the big question consumers may want to ask is “Is it appropriate to have the USDA making these food recommendations in the first place?” After all, the USDA serves two somewhat conflicting roles. First, it represents the food industry, and second, it is in charge of educating consumers about nutrition. Many people believe that the pyramid was more weighted toward dairy products, red meat, and grains due to the influence of the dairy, beef, and grain farming and processing industries. In other words, the pyramid was not designed as a way to improve the health of Americans but rather to promote the USDA agenda of supporting multinational food giants.

The Optimal Health Food Pyramid

We do like the concept of graphically illustrating what constitutes a healthful diet, so we are offering our version of the Eating Right Pyramid: the Optimal Health Food Pyramid.

The Optimal Health Food Pyramid incorporates the best aspects from two of the most healthful diets ever studied: the traditional Mediterranean diet and the traditional Asian diet. It also more clearly defines what the healthy components within the categories are and stresses the importance of regular consumption of vegetable oils as part of a healthy diet. Let’s take a closer look at each category.

Foods to avoid entirely:

Refined white flour products, including breads, pastas, cakes, muffins, and pretzels

Refined sugar-loaded products, including cereals, candies, and baked goods

Processed foods packed full of empty calories (sugar and fat) and/or salt, for example, canned soups, theater-style popcorn, and potato chips

Margarine, butter, and shortening

Smoked and cured meats, including bacon, hot dogs, smoked luncheon meats, sausages, ham, and Spam

Meats cooked at extremely high temperatures or cooked to well done

Heavily sweetened or artificially sweetened soft drinks, flavored drinks, and teas

Fried foods, including French fries, potato chips, corn chips, and doughnuts

Vegetables: Five to Seven Servings Daily

The word “vegetable” comes from the Latin vegetare, meaning “to enliven or animate.” Vegetables give us life and should be the main focus of any health-promoting diet. Vegetables provide the broadest range of nutrients of any food class. They are rich sources of vitamins, minerals, carbohydrates, and protein. They also provide high quantities of cancer-fighting phytochemicals.

It is very important not to overcook vegetables. Overcooking will not only result in the loss of important nutrients, it will also drain the flavor. Light steaming, baking, and quick stirfrying are the best ways to cook vegetables. And do not boil vegetables unless you are making soup, as much of the nutrients will leach into the water.

FIGURE 1.2
The Optimal Health Food Pyramid
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	TABLE 1.4 The Optimal Health Food Pyramid Daily Food Group Recommendations



	Foods
	Number of Daily Servings (2,000-calorie diet)



	Vegetables:
	5-7



	Green leafy and cruciferous vegetables
	2-4



	Low-glycemic vegetables
	2-3



	Starchy vegetables
	1-2



	Good oils:
	4



	Nuts and seeds
	1



	Olive, macadamia, flaxseed, or canola oil
	2-3



	Whole grains
	3-5



	Legumes (beans)
	2-3



	 
	(4-5 if vegetarian)



	High-quality protein
	2-3



	Fruit
	2-3



	Dairy products
	1-2 (optional)




If fresh vegetables are not available, frozen vegetables are preferred over their canned counterparts. The only exception is tomato products, for example, soup, paste, or sauce, because canned products actually provide more absorbable lycopene than do raw tomatoes.

There are three vegetable categories: green leafy and cruciferous; low-glycemic; and starchy. Eating a variety of vegetables from each category daily will help you achieve a “rainbow” assortment and allow you to focus on low-glycemic choices. One vegetable serving equals:

1 cup of raw leafy vegetables (such as lettuce or spinach);

½ cup raw nonleafy, cooked vegetables, or fresh vegetable juice.


GREEN LEAFY AND CRUCIFEROUS VEGETABLES: TWO TO FOUR SERVINGS DAILY

Alfalfa sprouts

Beet greens

Bok choy

Broccoli

Brussels sprouts

Cabbage

Cauliflower

Chard Spinach

Chinese cabbage

Collard greens

Dandelion

Endive

Escarole

Kale

Lettuce (the darker, the better)

Mustard greens

Parsley

Turnip greens

Watercress

LOW-GLYCEMIC VEGETABLES: TWO TO THREE SERVINGS DAILY

Artichoke (1 medium)

Asparagus

Bean sprouts

Bell peppers

Carrots

Celery

Cucumber

Fennel

Mushrooms

Okra

Onions

Peas (fresh or frozen)

Radishes

Rhubarb

String beans (green or yellow)

Tomatoes, tomato

paste, tomato

sauce, tomato

Summer squash

juice cocktail

juice, vegetable

Zucchini

STARCHY VEGETABLES: ONE TO TWO SERVINGS DAILY

Beets

Potatoes

Parsnips

Pumpkin

Rhubarb

Rutabagas

Winter, acorn, or butternut squash

Yams or sweet potatoes



Good Oils and Fats (Nuts, Seeds, and Vegetable Oils): Four Servings Daily

Nuts and seeds, especially those providing the monounsaturated and medium-chain fatty acids, contain beneficial oils. Regular consumption of nuts has been shown to improve blood sugar regulation and lower the risk for diabetes, heart disease, obesity, and cancer.

Be sure to focus on raw nuts and seeds, avoiding nuts and seeds roasted in oils or coated with sugar. Nuts and seeds are great to add to salads and sautéed greens. Try to mix it up a bit by eating a variety such as almonds, Brazil nuts, flaxseeds, pecans, pumpkin seeds, sunflower seeds, walnuts, and pumpkin seeds.

Use canola, flaxseed, macadamia, or olive oil to replace the butter, margarine, and shortening that you use for cooking, or try them in your homemade salad dressings. However, you never want to cook with flaxseed oil because it is very rich in omega-3 polyunsaturated fats, which are easily damaged by heat. Coconut and macadamia nut oils are the best cooking oils because of their ability to remain stable at high temperatures, but olive oil is great for sautéed vegetables and canola oil is usually best for baked goods because it has the least “nutty” flavor. Avoid using safflower, sunflower, soy, and corn oil because they contain too much omega-6 fattyacid, which feeds into inflammatory pathways in the body.

We suggest that you have at least one serving of nuts or seeds (one serving equals ¼ cup) and 3 tablespoons of the healthy oils per day.

Whole Grains: Three to Five Servings Daily

It is very important to choose whole-grain products, such as whole-grain breads, whole-grain flour products, and brown rice, over their processed counterparts, including white bread, white flour products, and white rice. Whole grains provide substantially more nutrients and health-promoting properties. They are a major source of complex carbohydrates, dietary fiber, magnesium and other minerals, and B vitamins. The protein content and quality of whole grains is also greater than that of refined grains. Diets rich in whole grains have been shown to be helpful in both the prevention and treatment of diabetes, heart disease, and cancer.



	ONE SERVING OF WHOLE GRAINS EQUALS:



	Bread:
	 



	Whole-wheat, rye, or other whole grain
	1 slice



	Cereals:
	 



	Whole-grain cereal
	½ cup



	Corn:
	 



	Cooked whole-kernel
	½ cup



	corn
	 



	Corn on cob
	1 small



	Flour and flour products:
	 



	Whole-wheat flour (unbaked)
	2½ tablespoons



	Whole-grain pasta (cooked)
	½ cup




	Whole-grains (cooked):
	 



	Amaranth, barley, millet, oats, quinoa, rice, spelt,and wheat
	½ cup




Beans (Legumes): Two to Three Servings Daily

Beans, a mainstay in most diets of the world, are second only to grains in supplying calories and protein to the world’s population. Compared to grains, they supply about the same number of total calories but usually provide two to four times as much protein and are a richer source of the soluble fiber that lowers cholesterol and stabilizes blood sugar levels. While we do not recommend using canned vegetables or fruit, canned beans retain their fiber content and anticancer flavonoids. Plus, given the long preparation time for cooking beans, canned beans are extremely quick and convenient. A serving size for beans is ½ cup.

Fruits: Three to Four Servings Daily

Fruits are a rich source of many beneficial nutrients, and regular fruit consumption has been shown to offer significant protection against chronic degenerative diseases, including cancer, heart disease, cataracts, diabetes, and stroke. Fruits make excellent between-meals snacks and super desserts. We know it’s easy to get into the habit of eating only a few varieties of fruit, so we encourage you to eat a “rainbow” assortment of fruits over the course of a week. Keep in mind that one serving equals one 1 medium fruit or ½ cup of small or cut-up fruit; 4 ounces of 100 percent juice; or ¼ cup dried fruit.

High-Quality Protein: Two to Three Servings Daily

The detrimental effects of diets high in saturated fat and cholesterol have been stressed for decades. Likewise, the importance of the omega-3 fatty acids in the battle against chronic disease is now well known. Fish consumption, in particular, has shown tremendous protection against heart disease and cancer because of the high content of omega-3 fatty acids in fish. Choosing smaller species of fatty fish, such as wild salmon, mackerel, herring, and sardines, is best because their smaller size and shorter life span translate into a smaller accumulation of mercury, PCBs, and other environmental toxins. Wild-caught fish have less accumulation than farmed fish. Because of concerns about exposure to mercury and other environmental toxins, we recommend that you consume wild fish at least three, but no more than six, times per week.

We suggest that you limit your intake of red meat (beef, veal, or lamb) to no more than two servings per month and choose the leanest cuts possible. Do not charbroil or cook the meat until well done, as this increases the formation of cancer-causing compounds. Also, consider some of the alternatives to beef, such as venison, buffalo, elk, rabbit, and ostrich. These emerging beef alternatives are lower in saturated fat and provide higher levels of omega-3 fatty acids.

Chicken and turkey can also provide excellent protein with very little fat, especially if you eat only the white meat (breast) and do not eat the skin. Eggs are also a very good source of high-quality protein and, if produced by free-range hens fed flaxseed meal, are rich in beneficial omega-3 fatty acids.

One serving is about the size of a deck of cards. That translates to roughly 3 to 4 ounces.

Dairy: One to Two Servings Daily (Optional)

Many people are allergic to milk or lack the enzymes necessary to digest dairy products. Even for people who do tolerate dairy foods, milk consumption should be limited to no more than one or two servings per day. Although dairy foods are rich in protein and calcium, they are also high in fat and calories, lacking the wide nutrient spectrum of foods in the categories previously discussed. Dairy foods can also contain accumulations of agricultural chemicals and hormones if not organically produced. Use organic, nonfat, or reduced-fat dairy products over whole-milk varieties whenever possible. Also, fermented dairy products such as yogurt, kefir, and acidophilus-fortified milk are preferred over milk due to their content of beneficial bacteria, which predigest the dairy proteins and sugars. If you haven’t tried some of the soy milk alternatives to cow’s milk, they are delicious, especially the flavored varieties, which include vanilla and chocolate.

One serving equals 1 cup of milk, yogurt, or cottage cheese or 1 ounce of cheese. If you do not consume dairy products, we recommend that you take a calcium supplement.

The Optimal Health Food Pyramid and the dietary guidelines given reflect the current scientific answer to the ideal diet for most people. They are based upon a 2,000-calorie-a-day diet. If you need to increase your caloric intake, we recommend getting the extra calories you need by increasing the number of servings of vegetables, nuts, and legumes, as these are the best foods for improving blood sugar control. Athletes or people engaged in heavy physical labor or exercise should add another serving of seafood, meat, or poultry to their daily intake or add a soy protein or whey protein smoothie to provide an additional 25 to 30 grams of protein.

FISH CONSUMPTION CAUTION


Fish consumption offers significant protection against heart disease and many forms of cancer, especially the major cancers such as lung, colon, breast, and prostate. While we certainly encourage you to eat more fish, we need to give you some guidelines. Nearly all fish contain trace amounts of methyl mercury. In most cases this is of little concern because the level is so low. The fish most likely to have the lowest level of methyl mercury are salmon (usually nondetectable levels), cod, mackerel, cold-water tuna, farm-raised catfish, and herring. But certain seafood, particularly swordfish, shark, and some other large predatory fish, may contain high levels of methyl mercury. Fish absorb methyl mercury from water and aquatic plants. Larger predatory fish also absorb mercury from their prey. Methyl mercury binds tightly to the proteins in fish tissue, including muscle, and cooking does not reduce the mercury content significantly.

We suggest limiting your intake to no more than about two pounds (one kilogram) of fish per week. This translates to six 7-ounce servings per week, maximum. Also, be sure to limit your intake of swordfish, shark, and warm-water tuna to no more than once a week (or once a month if you are a woman of childbearing age who might get pregnant). 



The following chapters explain the recommendations of the Optimal Health Food Pyramid in depth and more clearly define the benefits, features, and importance of consuming healing foods.


Designing a Healthy Diet

Diet is fundamental to good health, yet few Americans really spend much thought or time on designing a diet that will promote health. Far too many people have fallen prey to the comforts of modern life, with its physical inactivity and reliance on foods that provide temporary sensory gratification at the expense of true nourishment. As a result, there is an epidemic of diet-related diseases in the United States.

But it’s easy to give your body its best chance of achieving and maintaining good health. Here are seven important principles that will go a long way toward helping you avoid diet-related diseases.


SEVEN KEY PRINCIPLES OF THE OPTIMAL HEALTH DIET


	Eat a “rainbow” assortment of fruits and vegetables.

	Reduce your exposure to pesticides.

	Eat to regulate your blood sugar level.

	Do not overconsume meat and other animal foods.

	Eat the right types of fats.

	Keep your salt intake low, your potassium intake high.

	Drink a sufficient amount of water each day.





1. EAT A “RAINBOW” ASSORTMENT OF FRUITS AND VEGETABLES

A diet rich in fruits and vegetables is your best bet for preventing virtually every chronic disease. This fact has been established time and again by scientific studies on large numbers of people. The evidence in support of this recommendation is so strong that it has been endorsed by U.S. government health agencies and by virtually every major medical organization, including the American Cancer Society. By “rainbow,” we simply mean that by selecting fruits and vegetables in a variety of colors, including red, orange, yellow, green, blue, and purple, you’ll be giving your body the full spectrum of pigments with powerful antioxidant effects, as well as the nutrients it needs for optimal function and protection against disease.



	TABLE 2.1 The Rainbow Assortment



	Red
	Dark Green
	Yellow and Light Green
	Orange
	Purple



	Apples (red)
	Artichokes
	Apples (green or yellow)
	Apricots
	Beets



	Bell peppers (red)
	Asparagus
	Avocados
	Bell peppers (orange)
	Blackberries



	Cherries
	Bell peppers (green)
	Bananas
	Butternut squash
	Blueberries



	Cranberries
	Broccoli
	Bell peppers (yellow)
	Cantaloupe
	Cabbage (purple)



	Grapefruit
	Brussels sprouts
	Bok choy
	Carrots
	Cherries



	Grapes (red)
	Collard greens
	Cabbage
	Mangoes
	Currants



	Radishes
	Cucumbers
	Cauliflower
	Oranges
	Eggplant



	Raspberries
	Grapes (green)
	Celery
	Papaya
	Grapes (purple)



	Plums (red)
	Green beans
	Fennel
	Pumpkin
	Onions (red)



	Strawberries
	Honeydew melons
	Kiwifruit
	Sweet potatoes
	Pears (red)



	Tomatoes
	Kale
	Lemons
	Yams
	Plums (purple)



	Watermelon
	Leeks
	Lettuce (light green)
	 
	Radishes



	 
	Lettuce (dark green)
	Limes
	 
	 



	 
	Mustard greens
	Onions
	 
	 



	 
	Peas
	Pears (green or yellow)
	 
	 



	 
	Spinach
	Pineapple
	 
	 



	 
	Swiss chard
	Squash (yellow)
	 
	 



	 
	Turnip greens
	Zucchini (yellow)
	 
	 




Fruits and vegetables are so important in the battle against cancer that some experts have said—and we agree—that cancer is a result of a “maladaptation” over time to a reduced level of intake of fruits and vegetables. As a study published in the medical journal Cancer Causes & Control put it, “Vegetables and fruit contain the anticarcinogenic cocktail to which we are adapted. We abandon it at our peril.”

A vast number of substances found in fruits and vegetables are known to protect against cancer. Some experts refer to these as “chemopreventers,” but they are better known as phytochemicals (see Table 2.2). Phytochemicals include pigments such as carotenes, chlorophyll, and flavonoids; dietary fiber; enzymes; vitaminlike compounds; and other minor dietary constituents. Although phytochemicals work in harmony with antioxidants, such as vitamin C, vitamin E, and selenium, phytochemicals exert considerably greater protection against cancer than these simple nutrients. Among the most important groups of phytochemicals are pigments such as chlorophyll, carotenes, and flavonoids.



	TABLE 2.2 Examples of Anticancer Phytochemicals



	Phytochemical
	Actions
	Sources



	Carotenes
	Act as antioxidants
	Dark-colored vegetables such as carrots, squash, spinach, kale, tomatoes, and yams and sweet potatoes; fruits such as cantaloupe, apricots, and citrus fruits



	 
	Enhance immune functions
	 



	Coumarin
	Has antitumor properties
	Carrots, celery, fennel, beets, and citrus fruits



	 
	Enhance immune functions
	 



	 
	Stimulate antioxidant mechanisms
	 



	Dithiolthiones, glucosinolates, and thiocyanates
	Keep cancer-causing compounds from damaging cells
	Cabbage-family vegetables, such as broccoli, Brussels sprouts, collards, and kale



	 
	Enhance detoxification
	 



	Flavonoids
	Act as antioxidants
	Fruits, particularly darker fruits such as berries, cherries, and citrus fruits; also tomatoes, peppers, and greens



	 
	Have direct antitumor effects
	 



	 
	Have immune-enhancing properties
	 



	Isoflavonoids
	Block estrogen receptors
	Soy and other legumes



	Lignans Act as antioxidants
	Flaxseed and flaxseed oil; whole grains, nuts, and seeds



	 
	Modulate hormone receptors
	 



	Limonoids
	Enhance detoxification
	Citrus fruits and celery



	 
	Block carcinogens
	 



	Polyphenols
	Act as antioxidants
	Green tea, chocolate, and red wine



	 
	Block carcinogen formation
	 



	 
	Modulate hormone receptors
	 



	Sterols Block production of carcinogens
	Soy, nuts, and seeds



	 
	Modulate hormone receptors
	 




2. REDUCE YOUR EXPOSURE TO PESTICIDES

In the United States, more than 1.2 billion pounds of pesticides and herbicides are sprayed on or added to food crops each year. That’s roughly five pounds of pesticides for each man, woman, and child. There is a growing concern that in addition to these pesticides directly causing a significant number of cancers, exposure to these chemicals through food consumption damages your body’s detoxification mechanisms, thereby increasing your risk of getting cancer and other diseases.

EASY TIPS FOR REACHING THE TEN-SERVINGS-A-DAY GOAL


Buy many kinds of fruits and vegetables when you shop, so you have plenty of choices in the house.

Stock up on frozen vegetables for easy cooking so that you can have a vegetable dish with every dinner. You can easily steam frozen vegetables.

Use the fruits and vegetables that go bad quickly, such as peaches and asparagus, first. Save hardier varieties, such as apples, acorn squash, and frozen goods, for later use if you do not shop frequently in a week.

Keep fruits and vegetables where you can see them. The more often you see them, the more likely you are to eat them.

Keep a bowl of cut-up vegetables on the top shelf of the refrigerator.

Make a big tossed salad with several kinds of greens, cherry tomatoes, cut-up carrots, red pepper, broccoli, scal-lions, and sprouts. Refrigerate in a large glass bowl with an airtight lid, so a delicious mixed salad will be ready to enjoy for several days.

Keep a fruit bowl on your kitchen counter, table, or desk at work.

Pack a piece of fruit or some cut-up vegetables in your briefcase or backpack and carry moist towelettes for easy cleanup.

Add fruits and vegetables to lunch by having them in soup, in salad, or cut up raw.

Increase portions when you serve vegetables. One easy way of doing so is adding fresh greens, such as Swiss chard, collards, or beet greens, to stir-fries.

Add extra varieties of vegetables when you prepare soups, sauces, and casseroles. For example, add grated carrots and zucchini to spaghetti sauce.

Take advantage of salad bars, which offer ready-to-eat raw vegetables and fruits, as well as prepared salads made with fruits and vegetables.

Use vegetable-based sauces such as marinara sauce and juices such as low-sodium V8 or tomato juice.

Choose fresh fruit for dessert. For a special dessert, try a fruit parfait with low-fat yogurt or sherbet topped with lots of berries.

Freeze blueberries. They make a great summer replacement for ice cream, popsicles, and other sugary foods.



We are all exposed to pesticides and other toxins in the air that we breathe, the environment, and the food that we eat. To illustrate just how problematic pesticides can be, let’s take a quick look at the health problems of the farmer. The lifestyle of farmers is generally healthy. Compared to city dwellers, they have access to lots of fresh food, breathe cleaner air, work harder physically, and have a lower rate of cigarette smoking and alcohol use. Yet studies show that farmers have a higher risk of developing lymphomas, leukemias, and cancers of the stomach, prostate, brain, and skin.

Perhaps the most problematic pesticides are the halogenated hydrocarbon family, such as DDE, PCB, PCP, dieldrin, and chlordane. These chemicals persist in the environment almost indefinitely. For example, a similar pesticide, DDT, has been banned for nearly thirty years, yet it can still be found in soil and root vegetables, such as carrots and potatoes. Our bodies have a tough time detoxifying and eliminating these compounds, which end up being stored in our fat cells. What’s more, inside the body these chemicals can act like the hormone estrogen. They are thus suspected as a major cause of the growing epidemic of estrogen-related health problems, including breast cancer. Some evidence also suggests that that these chemicals increase the risk of developing lymphomas, leukemia, and pancreatic cancer, as well as playing a role in low sperm counts and reduced fertility in men.

Avoiding pesticides is especially important for preschool-aged children. Children are at greater risk of suffering from the damaging effects of pesticides for two reasons: they eat more food relative to their body mass, and they consume more foods higher in pesticide residues, such as juices, fresh fruits, and vegetables. A recent University of Washington study that analyzed levels of breakdown products of organo-phosphorus pesticides (a class of insecticides that disrupt the nervous system) in the urine of thirty-nine urban and suburban children 2 to 4 years of age found that concentrations of pesticide metabolites were one sixth as high in the children who ate organic fruits and vegetables as in those eating conventional produce.

After conducting an analysis of U.S. Department of Agriculture residue data for all pesticides for 1999 and 2000, Consumers Union warned parents of small children to limit or avoid conventionally grown foods known to have high residues, such as cantaloupes, green beans (including canned and frozen), pears, strawberries, Mexican-grown tomatoes, and winter squash. The University of Washington study added apples to this list.

Here are our recommendations for avoiding pesticides in your diet.

Do not overconsume foods that have a tendency to concentrate pesticides, such as animal fats, meat, eggs, cheese, and milk. Try to purchase free-range and organic forms of these foods.

Buy organic produce, which is grown without the aid of synthetic pesticides and fertilizers. Although less than 3 percent of the total produce in the United States is grown without pesticides, organic produce is widely available.

Develop a good relationship with your local grocery store produce manager. Explain your desire to reduce your exposure to pesticides and waxes. Ask what measures the store takes to ensure that pesticide residues are within approved limits. Ask where the store gets its produce. Make sure the store is aware that foreign produce is much more likely to contain excessive levels of pesticides as well as pesticides that have been banned in the United States.

Try to buy local produce, in season.

Peeling off the skin or removing the outer layer of leaves of some produce may be all you need to do reduce pesticide levels. The downside of this is that many of the nutritional benefits are concentrated in the skin and outer layers. An alternative measure is to remove surface pesticide residues, waxes, fungicides, and fertilizers by soaking the item in a mild solution of additive-free soap, such as Ivory or pure castile soap. All-natural, biodegradable cleansers are also available at most health food stores. To use, spray the food with the cleanser, gently scrub, and rinse.

For information on the pesticide content of popular fruit and vegetables, see Appendix C, pages 783-86.

3. EAT TO REGULATE YOUR BLOOD SUGAR LEVEL

Refined sugars, white flour products, and other sources of simple sugars are quickly absorbed into the bloodstream, causing a rapid rise in blood sugar. In response, the body boosts secretion of insulin by the pancreas. High-sugar, junk-food diets definitely lead to poor blood sugar regulation, obesity, and ultimately type 2 diabetes. But the stress on the body that they cause, including secreting too much insulin, can also promote the growth of cancer and increase the risk of heart disease. So we will make this simple recommendation: Don’t eat “junk foods,” and pay attention to the glycemic load of the foods you eat.

In chapter 1, we introduced the term “glycemic index” (GI). The GI refers to how quickly your blood sugar level rises after you eat a certain amount of food based on a referenced amount of carbohydrate. However, since it doesn’t tell you how much carbohydrate there is in a typical serving of a particular food, another tool is needed. That is where glycemic load comes in. The glycemic load (GL) is a relatively new way to assess the impact of carbohydrate consumption that takes the glycemic index into account but gives a more complete picture of the effect that a food has on blood sugar levels based on how much carbohydrate you actually eat in a serving. A GL of 20 or more is high, a GL of 11 to 19 is medium, and a GL of 10 or less is low. For example, let’s take a look at beets, a food with a high GI but a low GL. Although the carbohydrate in beet root has a high GI, there isn’t a lot of it, so a typical serving of cooked beetroot has a glycemic load that is relatively low, about 5. Thus, as long you eat a reasonable portion of a low-glycemic-load food, the impact on blood sugar is acceptable, even if the food is high in its GI. For example, a diabetic can enjoy some watermelon (GI 72) as long as he keeps the serving size reasonable. For example, 120 grams of watermelon have a glycemic load of only 4.

In essence, foods that are mostly water (e.g., apple or watermelon), fiber (e.g., beetroot or carrot), or air (e.g., popcorn) will not cause a steep rise in your blood sugar even if their glycemic index is high as long as you exercise moderation in portion sizes. To help you design your diet, we provide a list of the glycemic index, fiber content, and glycemic load of common foods in Appendix A.

4. DO NOT OVERCONSUME MEAT AND OTHER ANIMAL FOODS

Study after study confirms one basic truth: the higher your intake of meat and other animal products, the higher your risk of heart disease and cancer, especially for the major cancers such as colon, breast, prostate, and lung cancer.

AVOID CONSUMING JUNK FOOD AND SOURCES OF HIDDEN EMPTY CALORIES


According to the third National Health and Nutrition Examination Survey, which studied the eating habits of 15,000 American adults, one third of the average diet in this country is made up of unhealthy foods, including potato chips, crackers, salted snack foods, candy, gum, fried fast food, and soft drinks. These items offer little in terms of protein, vitamins, or minerals. What they do have is lots of “empty calories” in the form of sugar and fat. They fill you up so you don’t have room for the good stuff—the foods that give your body a fighting chance to prevent cancer and other diseases.

Here are guidelines for making healthier eating choices:

Read labels carefully. If sugar, fat, or salt is one of the first three ingredients listed, it is probably not a good option.

Be aware that certain words appearing on the label, such as sucrose, glucose, maltose, lactose, fructose, corn syrup, white grape juice concentrate, or evaporated cane juice, mean that sugar has been added.

Look not just at the percentage of calories from fat but also the number of grams of fat. For every 5 grams of fat in a serving, you are eating the equivalent of 1 teaspoon of fat.

If a snack doesn’t provide at least 2 grams of fiber, it’s not a good choice.



There are many reasons for this association. Meat lacks the antioxidants and phytochemicals that protect us from cancer. At the same time, it contains lots of saturated fat and other potentially carcinogenic (cancer-causing) compounds, including pesticide residues, as well as heterocyclic amines and polycyclic aromatic hydrocarbons, which form when meat is grilled, fried, or broiled. The better done the meat, the higher level of amines and hydrocarbons.

Some proponents of a diet high in meats claim that we should eat the way our caveman ancestors did, but that argument doesn’t really hold up. The meat of wild animals that early humans consumed was much different from the industrially produced, shrink-wrapped meat we find in supermarkets today. The demand for tender meat has led to the breeding of cattle whose meat contains 25 percent to 30 percent fat, or more. In contrast, meat from free-living animals and wild game has a fat content of less than 4 percent.

It’s not just the amount of fat, however, that distinguishes industrially produced meat. Its composition is also different. Domestic beef contains primarily saturated fats and virtually no beneficial omega-3 fatty acids, while the fat of wild animals contains more than five times the polyunsaturated fat per gram and has substantial amounts, about 4 percent, of omega-3 fatty acids. Range-fed animals also contain ten times as much conjugated linoleic acid (CLA) as grain-fed animals. CLA is a slightly altered form of the essential fatty acid linoleic acid. It occurs naturally in meat and dairy products. CLA was discovered in 1978 when researchers at the University of Wisconsin were looking for cancer-causing compounds that result from cooking. Instead, they found CLA, which appears to be an anticancer compound. Preliminary studies show that CLA might reduce the risk of heart disease and cancer.

Particularly harmful to human health are cured or smoked meats, such as ham, hot dogs, bacon, and jerky that contain sodium nitrate and/or sodium nitrites, which are compounds that keep food from spoiling but dramatically increase the risk for cancer. These chemicals react with the amino acids in foods in the stomach to form highly carcinogenic compounds known as nitrosamines.

Research on adults makes a convincing argument to avoid cured or smoked meats. Even more compelling is the evidence linking consumption of nitrates to a significantly increased risk of the major childhood cancers, including leukemias, lymphomas, and brain cancers:

Children who eat twelve hot dogs per month have nearly ten times the risk of developing leukemia as children who do not eat hot dogs.

Children who eat hot dogs once a week double their chances of developing brain tumors; eating them twice a week triples the risk.

Pregnant women who eat two servings per day of any cured meat have more than double the risk of bearing children who have brain cancer.

Children who eat the most ham, bacon, and sausage have three times the risk of developing lymphoma.

Children who eat ground meat once a week have twice the risk of acute lymphocytic leukemia as those who eat none; eating two or more hamburgers weekly triples the risk.

Fortunately, vegetarian alternatives to these standard components of the American diet are now widely available, and many of them actually taste quite good! Consumers can find soy hot dogs, soy sausage, soy bacon, and even soy pastrami at their local health food store as well as in many mainstream grocery stores.

If you choose to eat red meat:

Limit your intake to no more than 3 or 4 ounces daily—about the size of a deck of playing cards. And choose the leanest cuts available, keeping in mind that the USDA allows the meat and dairy industry to label fat content by weight rather than by percentage of calories.

Avoid consuming well-done, charbroiled, and fat-laden meats.

Don’t eat cured meats, including bacon and hot dogs, especially if you are pregnant or a child under the age of 12.

Consider buying free-range meats or wild game.

5. EAT THE RIGHT TYPES OF FATS

There is no room for debate: A diet high in fat, particularly saturated fat and cholesterol, has been linked to numerous cancers. Both the American Cancer Society and the National Cancer Institute recommend a diet that supplies less than 30 percent of calories as fat. However, just as important as the amount of fat is the type of fat you consume. The goal is to decrease your total fat intake, especially your intake of saturated fats, trans-fatty acids, and omega-6 fats, while increasing your intake of omega-3 fatty acids and monounsaturated fatty acids.



	TABLE 2.3 Healthier Food Choices



	Reduce Your Intake Of
	Substitute



	Red meat
	Fish, white meat, or poultry



	Hamburgers and hot dogs
	Soy-based or vegetarian alternatives



	Eggs
	Egg Beaters and similar reduced-cholesterol products, and tofu



	High-fat dairy products
	Low-fat or nonfat products



	Butter, lard, and other saturated fats
	Olive oil



	Ice cream, pies, cake, and cookies
	Fruit



	Fried foods and fatty snacks
	Vegetables and fresh salads



	Salt and salty foods
	Light salt and low-sodium foods



	Coffee and soft drinks
	Herbal teas, green tea, and fresh fruit and vegetable juices



	Margarine, shortening, and other sources of trans-fatty acids or partially hydrogenated oil
	Cook with olive, macadamia nut, or coconut oil, and use vegetable spreads that contain no trans-fatty acids




Some of these terms can be confusing and will be fully explained in chapter 6. What we want to stress in this section is that most Americans eat way too much of the omega-6 oils found in meats and most vegetable oils, including soy, sunflower, safflower, and corn. And they suffer from a relative deficiency of the monounsaturated fats from nuts, seeds, olive oil, and canola oil, as well as a deficiency of the omega-3 fats found in fish and flaxseed oil. This situation is associated with an increased risk for cancer and about sixty other conditions, including heart disease, stroke, high blood pressure, skin diseases, and diabetes.

What makes a fat “bad” or “good” has a lot to do with the function of fats in our cellular membranes. Our membranes are made mostly of fatty acids. What determines the type of fatty acid present in the cell membrane is the type of fat you consume. A diet that is composed mostly of saturated fat, animal fatty acids, trans-fatty acids from margarine, shortening, and other sources of hydrogenated vegetable oils and that is high in cholesterol results in membranes that are much less fluid in nature than the membranes in a person who consumes optimal levels of unsaturated fatty acids.

THE IMPORTANCE OF CONSUMING NUTS


Many people shy away from eating nuts because they believe that nuts are high in calories. Though nuts are high in calories, studies have shown that people who frequently consume nuts actually have less of a problem with obesity than those who do not eat nuts. Frequent nut consumption, particularly of almonds and walnuts, has also been shown to be protective against heart disease. In addition, a recent study has shown that consumption of nuts by women was inversely associated with risk of type 2 diabetes, independent of known risk factors for type 2 diabetes, including age, obesity, and family history of diabetes, physical activity, smoking, and other dietary factors. What the term “inversely associated” means is that the higher the intake of nuts, the less likely it was that a woman would develop type 2 diabetes. What was really amazing was that this relationship was seen even in women who were obese.

In addition to providing beneficial monounsaturated and polyunsaturated fats that improve insulin sensitivity, nuts are also rich in fiber and magnesium and have a low glycemic index. Higher intakes of fiber and magnesium and foods with a low glycemic index have been associated with reduced risk of type 2 diabetes in several population-based studies.

Since nuts are very high in calories—most have about 1,000 calories per cup—we advocate moderation when it comes eating them in order to promote optimal body weight. We also advocate the use of mostly raw or lightly roasted fresh nuts and seeds rather than commercially roasted and salted nuts and seeds.



According to modern pathology, or the study of disease processes, an alteration in cell membrane function is the central factor in the development of virtually every disease. As it relates to diabetes, abnormal cell membrane structure due to eating the wrong types of fats leads to impaired insulin action.

Without a healthy membrane, cells lose their ability to hold water, vital nutrients, and electrolytes. They also lose their ability to communicate with other cells and be controlled by regulating hormones, including insulin. Without the right type of fats in cell membranes, cells simply do not function properly. Considerable evidence indicates that cell membrane dysfunction is a critical factor in the development of many diseases.

The type of dietary fat profile that is linked to many diseases is an abundance of saturated fat and trans-fatty acids along with a relative insufficiency of monounsaturated and omega-3 fatty acids, as found in the typical American diet. Since dietary fat determines cell membrane composition, such a dietary pattern leads to reduced membrane fluidity, which in turn causes reduced insulin binding to receptors on cellular membranes and/or reduced insulin action. Particularly harmful to cell membrane function are margarine, vegetable oil shortening, and other foods containing trans-fatty acids and partially hydrogenated oils. These “unnatural” forms of fatty acids interfere with the body’s ability to utilize important essential fatty acids and are now linked to an increased risk for heart disease, diabetes, and cancer. Just the opposite effect has been shown to be created by diets high in monounsaturated fats and omega-3 fatty acids.

One diet that appears to be representative of a way of eating that provides an optimal intake of the right types of fat is the traditional “Mediterranean diet.” This term has a specific meaning. It reflects food patterns typical of some Mediterranean regions in the early 1960s, such as Crete, parts of mainland Greece, and southern Italy. The traditional Mediterranean diet has shown tremendous benefit in fighting heart disease and cancer, as well as diabetes. It has the following characteristics:

Olive oil is the principal source of fat.

The diet centers on an abundance of plant food, including fruit, vegetables, breads, pasta, potatoes, beans, nuts, and seeds.

Foods are minimally processed, and there is a focus on seasonally fresh and locally grown foods.

Fresh fruit is the typical daily dessert, with sweets containing concentrated sugars or honey consumed a few times per week at the most.

Dairy products, principally cheese and yogurt, are consumed daily in low to moderate amounts and in low-fat varieties.

Fish is consumed on a regular basis.

Poultry and eggs are consumed in moderate amounts, about one to four times weekly or not at all.

Red meat is consumed infrequently and in small amounts.

Wine is consumed in low to moderate amounts, normally with meals.

Olive oil consists not only of the monounsaturated fatty acid oleic acid, it also contains several antioxidant agents that may account for some of its health benefits. Olive oil is particularly valued for its protection against heart disease, as it lowers harmful LDL cholesterol and increases the level of protective HDL cholesterol. It also helps circulating LDL cholesterol from becoming damaged by free radicals and has been proven to contribute to a better control of the elevated blood triglycerides that are so common in diabetes.

6. KEEP YOUR SALT INTAKE LOW, YOUR POTASSIUM INTAKE HIGH

The electrolytes—potassium, sodium, chloride, and magnesium—are mineral salts that can conduct electricity when dissolved in water. For optimal health, it’s important for you to consume these nutrients in proper balance. Too much sodium in the diet from salt (sodium chloride) can disrupt this balance. Many people know that a high-sodium, low-potassium diet can cause high blood pressure, but not as many are aware that such a diet also increases the risk of cancer.

In our society, only 5 percent of sodium intake comes from the natural ingredients in food. Prepared foods contribute 45 percent of our sodium intake, 45 percent is added in cooking, and another 5 percent is added as a condiment.

Here are some tips for reducing your sodium intake:

Take the salt shaker off the table.

Omit adding salt when preparing food.

Learn to enjoy the flavors of unsalted foods.

If you absolutely must have the taste of salt, try salt substitutes such as NoSalt and Nu-Salt. These products are made with potassium chloride and taste very similar to sodium chloride.

Try flavoring foods with herbs, spices, and lemon juice.

Choose low-salt (reduced-sodium) products when available.

Read food labels carefully to determine the amounts of sodium and learn to recognize ingredients that contain sodium: a food with salt, soy sauce, salt brine, or any ingredient with sodium, such as monosodium glutamate, or baking soda (sodium bicarbonate) as part of its name contains sodium.

In reading labels and menus, look for words that signal a high sodium content, such as barbecued, broth, marinated, Parmesan, pickled, smoked, and tomato base.

Prepared sauces and condiments are often high in sodium; these include barbecue sauce, cocktail sauce, Creole sauce, mustard sauce, soy sauce, and teriyaki sauce as well as many salad dressings.

Don’t eat canned foods, particularly vegetables or soups, as these are often extremely high in sodium.

Many of us have already learned to watch our salt intake, but we’d like to encourage you to increase your potassium intake as well. Most Americans have a potassium-to-sodium (K:Na) ratio of less than 1:2. In other words, they ingest twice as much sodium as potassium. But experts believe that the optimal dietary potassium-to-sodium ratio is greater than 5:1—ten times higher than the average intake. However, even this may not be optimal. A natural diet rich in fruits and vegetables can easily produce a much higher K:Na ratio, because most fruits and vegetables have a K:Na ratio of at least 50:1. For example, here are the average K:Na ratios for several common fresh fruits and vegetables:



	Apples
	90:1



	Bananas
	440:1



	Carrots
	75:1



	Oranges
	260:1



	Potatoes
	110:1




7. DRINK A SUFFICIENT AMOUNT OF WATER EACH DAY

Water is essential for life. The average amount of water in your body is about 10 gallons. We need to drink at least 48 ounces of water per day to replace the water that is lost through urination, sweat, and breathing. If we don’t, we are likely to become dehydrated. You need to drink at least six to eight glasses of water (48 to 64 ounces) each day, though we recommend eight to twelve glasses as optimal. That basically means having a glass of water every two hours while you are awake. Don’t wait until you’re thirsty; schedule regular water breaks throughout the day instead.

Even mild dehydration results in impaired physiological and performance responses. Here is a list of water’s many vital functions:

Many nutrients dissolve in water so they can be absorbed more easily in your digestive tract.

Many metabolic processes need to take place in water.

Water is a component of blood and thus is important for transporting chemicals and nutrients to cells and tissues.

Each of your cells is constantly bathed in a watery fluid.

Water carries waste materials from your cells to your kidneys so they can be filtered out and eliminated.

Water absorbs and transports heat. For example, heat produced by muscle cells during exercise is carried by water in the blood to the surface, helping your body maintain the right temperature balance. The skin cells also release water as perspiration, which helps keep you cool.

Several factors are thought to increase the likelihood of chronic mild dehydration: a faulty thirst “alarm” in the brain; dissatisfaction with the taste of water; regular exercise that increases the amount of water lost through sweat; living in a hot, dry climate; and consumption of the natural diuretics caffeine and alcohol. Diuretics are substances that draw water out of your cells and increase the rate of urination. Surprisingly, if you drink two cups of water and two cups of coffee, cola, or beer, you may end up with a net water intake of zero! Be aware of your “water budget.” If you drink coffee or other dehydrating beverages, compensate by drinking an additional glass of water.

A Quick Look at Some Popular Diets

We would be remiss if we did not address our views of some of today’s popular diets. While there are literally hundreds of fad diets that have been promoted over the years that we could dis-cuss, we will limit the discussion to the following popular diets:

The Atkins diet

The Blood Type Diet

The Ornish diet

The macrobiotic diet

The vegetarian diet

The Zone diet

We will discuss the background, rationale and principles, and scientific validity of each diet along with our own recommendations.

The Atkins Diet

The Atkins diet is perhaps the most famous weight loss diet of all time. It is a high-protein, low-carbohydrate diet developed by Robert Atkins, M.D., during the 1960s. In the early 1990s, Dr. Atkins brought his diet back into the nutrition spotlight with the publication of his best-selling book Dr. Atkins’ New Diet Revolution. It is estimated that more than 20 million people worldwide have tried the Atkins diet, which emphasizes the consumption of protein and fat. Individuals following the Atkins diet are permitted to eat unlimited amounts of all meats, poultry, fish, eggs, and most cheeses.

The Atkins diet is divided into four phases: Induction, Ongoing Weight Loss, Premaintenance, and Maintenance. During the Induction phase (the first fourteen days of the diet), carbohydrate intake is limited to no more than 20 grams per day. No fruit, bread, grains, starchy vegetables, or dairy products, except cheese, cream and butter, are allowed during this phase. During the Ongoing Weight Loss phase, dieters experiment with various levels of carbohydrate consumption until they determine the most liberal level of carbohydrate intake that allows them to continue to lose weight. Dieters are encouraged to maintain this level of carbohydrate intake until their weight loss goals are met. Then, during the Premaintenance and Maintenance phases, dieters determine the level of carbohydrate consumption that allows them to maintain their weight. To prevent regaining the weight lost, dieters must stick to this level of carbohydrate consumption, perhaps for the rest of their lives.

While we agree with the underlying principle of the Atkins Diet—that a diet high in sugar and refined carbohydrates causes weight gain and ultimately leads to obesity—we disagree with the solution. One of the big reason why the Atkins diet is so attractive to dieters who have tried unsuccessfully to lose weight on low-fat, low-calorie diets is that while on the Atkins program dieters can eat as many calories as desired from protein and fat, as long as carbohydrate consumption is restricted. As a result, many Atkins dieters are spared the feelings of hunger and deprivation that accompany other weight loss regimens. However, we simply do not agree that such a diet is conducive to long-term good health.

Despite its enormous popularity, the Atkins program was not evaluated in a proper clinical trial until 2003. In this initial study, while people following the Atkins Diet did experience initial weight loss, though likely as a result of water loss rather than true fat loss, in the long run they gained it all back plus more. In the study, sixty-three obese men and women were randomly assigned to the Atkins diet or a low-calorie, high-carbohydrate, low-fat diet. Contact with professionals was minimal, to replicate the experience of most dieters. While the subjects on the Atkins diet had lost more weight than subjects on the conventional diet at six months, the difference at twelve months was not significant. Adherence in both groups was poor. Other clinical studies have shown similar results.

The findings from these clinical trials indicate that although adhering strictly to the Atkins diet (dramatically reducing carbohydrate intake while allowing free access to high-fat and high-protein foods) can lead to more weight loss in the first six months, eating a more healthful diet, such as the one we recommend, is associated with equal efficacy in the long run and is considerably more health promoting. Based upon the current evidence, we do not recommend the Atkins diet. Furthermore, since the high protein content of the Atkins diet stresses the liver and kidneys, we do not recommend it for anyone with impaired liver or kidney function.

The Blood Type Diet

The Blood Type Diet is the culmination of nearly four decades of work conducted by Peter D’Adamo, N.D., and his father, James D’Adamo, N.D. It was popularized by the best-selling book by the younger D’Adamo, Eat Right 4 Your Type. The principles of the Blood Type Diet are based on the theory that people with different blood types respond differently to specific foods. The concept is also based on evolutionary history and the observation that different blood types emerged as the environmental conditions and eating styles of our ancestors changed. Between 50,000 B.C.E. and 25,000 B.C.E., all humans shared the same blood type: type O. These early humans were skilled hunters and thrived on a meat-based diet. Type A blood type emerged between 25,000 B.C.E. and 15,000 B.C.E. as a necessary adaptation to a more agrarian lifestyle. Climatic changes in the western Himalayan mountains led to the appearance of type B, and the blending of type A and type B blood types in modern civilization resulted in the appearance of the type AB blood type.

According to the Blood Type Diet, the physiological reason why people should eat according to their blood type relates to lectins, proteinlike substances found in many commonly eaten foods. Lectins, also known as phytohemagglutins,were first identified in 1888,at which time it was discovered that lectins interact with sugar-containing molecules on the surface of cells. This discovery allowed certain lectins to be used in blood typing, since blood type is determined by the presence or absence of specific sugar-protein residues on the surface of red blood cells.

Although most of the lectins found in food are destroyed by cooking or digestive enzymes, Dr. D’Adamo believes that as many as 5 percent of the lectins we take in through our diet are absorbed into the bloodstream, and some of these are incompatible with our blood type. Many food lectins look very similar to the antigen that determines one of the four blood types. As a result, when a lectin that looks similar, for example, to the type O antigen is eaten by a person with type A, type B, or type AB blood, the immune system recognizes that lectin as a foreign invader. Dr. D’Adamo implicates this lectin-caused immune response as the origin of many common health complaints and believes that if you want to prevent health problems, it is important to eat foods that are compatible with your blood type.

Since type O was the blood type of the earliest humans, Dr. D’Adamo emphasizes the importance of animal flesh and vegetables for individuals with this blood type. If you are type O, you are encouraged to eat lean beef, lamb, turkey, chicken, and seafood. In addition, adzuki beans, pinto beans, kale, collard greens, and all fruits are considered to be beneficial. Those with type O blood must strictly avoid eggs and dairy foods, breads and pastas made from wheat, cabbage-family vegetables, and corn.

Individuals with type A blood are believed to thrive on a plant-based diet and should consume large amounts of raw or steamed vegetables, lentils, soybeans and soy products, pinto beans, black beans, and whole grains. Berries and plums are also beneficial. Occasional consumption of poultry and fermented dairy products is also well tolerated. Individuals with type A blood should eliminate all meat products, whole-fat dairy products, peppers, tomatoes, and tropical and citrus fruits.

The diet for individuals with type B blood is more varied than the other blood type diets. If you have type B blood, you are encouraged to eat seafood, beef, lamb, and dairy products. Oats and millet, green vegetables, and all fruits are beneficial. Individuals with type B blood are encouraged to avoid chicken, bacon, ham, and shellfish entirely. In addition, it is recommended that individuals with type B blood limit their consumption of beef, wheat, rye, tomatoes, and corn.

Individuals with type AB blood are encouraged to eat lamb,turkey,cultured dairy products such as yogurt and sour cream, eggs, rice, tofu, plums, and cherries. People with type AB blood must strictly avoid all smoked or cured meats and limit their consumption of beef, wheat, corn, tropical fruits, oranges, and bananas.

Our opinion of the Blood Type Diet is that blood type is just one genetic variable. In fact, the ABO system is only one of many different blood-typing methods, and to date, more than thirty unique markers have been identified on the surface of red blood cells. In addition, one of the key suppositions of this diet is that dietary lectins are actually absorbed, but most of the research on, lectins has been performed in test tubes, not humans. Since many food lectins are destroyed by cooking, digestive enzymes, and bacteria in the intestines, it is not really known to what degree, if any, dietary lectins are absorbed. Nonetheless, there is some evidence to support the link between dietary lectins and some disease.

All that being said, we do feel that there appears to be some validity to the program, especially the idea that our genetics and ancestry are important determinants of what we should eat. We also believe that some people are profoundly benefited by the diet but that the explanation of the observed benefits is probably not strictly related to blood type. For example, all people are encouraged to avoid the high-sugar-content, empty-calorie, processed foods that tend to promote weight gain and poor health in favor of more natural food choices. Furthermore, elimination and avoidance of an allergenic food can result in tremendous relief from conditions linked to food allergies, such as rheumatoid arthritis, eczema, psoriasis, asthma, and food cravings. Nonetheless, there is some evidence to support the link between dietary lectins and some disease.

The Ornish Diet

Dean Ornish, M.D., is the developer of the Ornish diet. It is quite similar to the diet that Nathan Pritikin developed and popularized in the 1970s.Both diets are basically the opposite of the Atkins diet. While the Atkins regimen is high in fat and protein and low in carbohydrates, the Ornish diet program is low in fat and protein and high in whole-grain,natural complex carbohydrates. The Ornish prescription is to consume 10 percent of calories as fat, 70 to 75 percent of calories as complex carbohydrates, and 15 to 20 percent of calories as protein. The Ornish diet excludes all animal products, except nonfat milk and nonfat yogurt. It also restricts all plant foods high in fat, such as avocados, nuts, and seeds.

Dr. Ornish and his colleagues have shown quite convincingly in well-designed clinical studies that his diet can reverse heart disease. Our main objections to the Ornish diet are that it is too restrictive and does not provide a sufficient amount of beneficial fats, such as monounsaturated fats and omega-3 fatty acids. In particular, the Ornish diet excludes fish, despite a significant body of research that demonstrates a protective effect of fish (and fish oil) consumption against heart disease.

The Macrobiotic Diet

The macrobiotic diet was developed in the 1920s by a Japanese educator named George Ohsawa. Ohsawa is said to have cured himself of a serious illness by changing to a simple diet of brown rice, miso soup, and sea vegetables. After regaining his health. Ohsawa worked to integrate Eastern and Western philosophy and medicine to form the dietary and lifestyle principles of what is now known as macrobiotics. The following are the key components of the macrobiotic diet and lifestyle:

Eat only organic foods.

Eat two or three meals a day.

Avoid cooking with electricity or microwaves; use a gas or wood stove, and use only cast-iron, stainless-steel, or clay cookware.

Chew each mouthful of food approximately fifty times to aid digestion and absorption of nutrients.

Do not eat for at least three hours before bedtime.

Take short baths or showers as needed with warm or cool water.

Use grooming, cosmetic, and household products made from natural, nontoxic ingredients.

Wear only cotton clothing and avoid metallic jewelry.

Spend as much time as possible in natural outdoor settings and walk at least thirty minutes daily.

Do aerobic or stretching exercises such as yoga, dance, or martial arts on a regular basis.

Place large green plants throughout the house to enrich the oxygen content of the air, and keep windows open as much as possible to allow the circulation of fresh air.

Avoid watching television and using computers as much as possible.

Whole grains, such as brown rice, barley, millet, oats, corn, and rye, make up the bulk of the macrobiotic diet. The diet also emphasizes the consumption of vegetables, especially cabbage, broccoli, cauliflower, kale, bok choy, collards, and mustard greens. Beans, tofu, and sea vegetables should be eaten on a daily basis, and a few servings each week of nuts, seeds, and fresh fish, such as halibut, flounder, cod, or sole, are permissible. All foods should be organically grown, and, ideally, only fresh and locally grown fruits and vegetables should be eaten.

Our view of the macrobiotic diet is that it incorporates many of the same principles that we advocate but falls short in its nutritional completeness and variety of health-boosting foods. Nonetheless, the macrobiotic diet is a health-promoting diet that clinical research has shown it to be beneficial for people with cancer and cardiovascular disease.

Vegetarian Diet

The vegetarian diet is defined as one avoiding all animal flesh,including fish and poultry. Vegetarians who avoid flesh but do eat animal products, such as cheese, milk, and eggs, are ovo-lacto-vegetarians (ovo = egg; lacto = milk and cheese). Those who eschew all animal products are referred to as pure vegetarians or vegans.

The vegetarian diet is often promoted as the most beneficial diet and has been advocated by people from philosophers such as Plato to political leaders such as Benjamin Franklin and Gandhi to modern pop icons such as Paul McCartney. There is also considerable scientific research showing the benefits of the vegetarian diet. In fact, it has been shown to be associated with a lower risk of virtually every chronic disease. For example, numerous population-based studies have shown that vegetarians are nearly 50 percent less likely to die from cancer or heart disease than are nonvegetarians. The vegetarian diet has also been shown to reduce one’s chances of developing diabetes, osteoporosis, or high blood pressure or forming kidney stones or gallstones.

While each of us authors has been vegetarian at some point in our lives, we now believe that including fish and small amounts of animal foods in the diet leads to a more optimal nutritional intake. Nonetheless, we recognize the central and tremendous importance that plant foods play in an optimal human diet.

The Zone Diet

The Zone diet was developed by Barry Sears, Ph.D., and popularized in his best-selling book Enter the Zone. The basic principle guiding the Zone diet is based on the relationship between the hormone insulin and the ratio of dietary fat, protein, and carbohydrates. The Zone diet pro-poses a dietary ratio of 40 percent carbohydrate, 30 percent protein, and 30 percent fat.

The Zone diet is popular among people desiring to lose weight, and it definitely works because the actual recommendations of the Zone diet result in the average person taking in only 800 to 1,200 calories per day. Of course, any diet that is low enough in calories will result in weight loss, regardless of its proportions of protein, carbohydrate, and fat. As when following other weight loss programs, people generally experience good initial weight loss on the Zone diet, but the strict—and confusing—nature of the diet makes it difficult for many to follow. As a result, long-term compliance—and therefore lasting weight loss—with this diet is difficult.

Individuals following the Zone diet are encouraged to consume protein from animal and/or vegetable sources that are relatively low in dietary fat, such as chicken or soy foods. It is also recommended that the diet include a good intake of monounsaturated fats, including olive oil, canola oil, and avocados. Individuals following the Zone diet are encouraged to avoid:

All refined carbohydrates and most simple sugars, including foods made from white flour (bread, pasta, bagels, tortillas, and breakfast cereals), candy, soda, and desserts

Fruits, vegetables, and grains high on the glycemic index, such as rice, papaya, mango, corn, potatoes, and carrots

Foods containing saturated fat, most notably red meat and whole-fat dairy products

Egg yolks and organ meats

Our opinion of the Zone diet is that while we agree with many of the goals and principles of the diet, since it does not focus enough on plant foods, the amount of fiber and other important phytochemicals is not sufficient to promote long-term health.

What Is the Best Diet?

The dietary guidelines and principles that we have detailed in this chapter represent our answer to the hotly debated question “What is the best diet?” Over the years, there has been quite a war of opinions as to the diet that best promotes weight loss and health. On one end of the spectrum, although it has become quite popular to restrict carbohydrates of all sorts completely in favor of high-protein and high-fat foods, we simply do not believe that this sort of diet is health-promoting. In fact, we believe that this type of diet has already been proven disastrous to long-term health as it carries with it severe consequences for cardiovascular and kidney function. On the other end of the spectrum is the so-called low-fat, high-complex-carbohydrate diet. This diet is also doomed to fail because it does not differentiate quality of carbohydrate and fails to provide the right type of oils to promote health. We believe that any diet that severely restricts beneficial oils will ultimately fail.

After reviewing every popular diet in detail, as well as thousands of scientific articles on the role of diet in human health, what we offer here is based upon the evolutionary understanding of what constitutes the optimal diet. We believe that it is only a matter of time before what we are recommending will become the accepted answer to the question “What foods should we eat?”


Safe Eating

M any consumers are extremely concerned about the safety of the food they eat and the water they drink. In addition to fear of deadly bacteria such as E. coli, they are concerned about the effects that food additives, pesticides, pollutants, food irradiation, and genetically modified foods have on their bodies. Are these concerns well founded? Yes. There is much evidence to support that these food issues have the potential to not only harm our health but also alter the composition of the foods we eat in ways that may not be beneficial to us or the environment. In this chapter, we will discuss these food safety concerns in detail.

Foodborne Illnesses

Foodborne illness is caused by consuming contaminated foods or beverages. Many people do not think about food safety until a food-related illness affects them or a family member. While the food supply in the United States is one of the safest in the world, the Centers for Disease Control and Prevention (CDC) estimate that 76 million people get sick, more than 300,000 are hospitalized, and 5,000 Americans die each year from foodborne illnesses. The microbe or toxin causing foodborne illness enters the body through the tract and often causes the first symptoms there, so nausea, vomiting, abdominal cramps, and diarrhea are common symptoms. While most cases of foodborne illness are mild, you should consult a physician immediately if you experience any of the following:

Temperature over 101.5 degrees F., measured orally

Blood in the stools

Prolonged vomiting that prevents keeping liquids down, which can lead to dehydration

Signs of dehydration, including decrease in urination, dry mouth and throat, and feeling dizzy when standing up

Diarrheal illness that lasts more than three days

More than 250 different organisms have been documented as being capable of causing foodborne illness, including a variety of bacteria, viruses, and parasites. But poisoning can also occur due to ingestion of harmful toxins or chemicals from organisms that have contaminated the food. For example, botulism occurs when the bacterium Clostridium botulinum grows in foods and produces a powerful paralytic toxin. The botulism toxin can produce illness even if the bacteria are no longer there.

Most of the common microorganisms that causes foodborne infections are microorganisms commonly present in the intestinal tracts of healthy animals. Meat and poultry can become contaminated during slaughter by contact with even small amounts of intestinal contents, while fresh fruits and vegetables can be contaminated if they are washed or irrigated with water that is contaminated with animal manure or human sewage.

The most common causes of foodborne infections are the bacteria Campylobacter, Salmonella, and E. coli O157:H7, and the caliciviruses, also known as the Norwalk and Norwalk-like viruses. Undercooked meat and poultry, raw eggs, unpasteurized milk, and raw shellfish are the most common sources of these organisms.

Campylobacter is a bacterial pathogen that causes fever, diarrhea, and abdominal cramps. It is the most commonly identified bacterial cause of diarrheal illness in the world. This bacterium lives in the intestines of healthy birds, and most raw poultry meat has Campylobacter on it. Undercooked chicken or other food that has been contaminated with juices dripping from raw chicken is the most frequent source of this infection.

Salmonella is another bacterium that is widespread in the intestines of birds, reptiles, and mammals. It can spread to humans via a variety of different foods of animal origin. The illness it causes, salmonellosis, typically includes fever, diarrhea, and abdominal cramps. In persons with poor underlying health or weakened immune systems, it can invade the bloodstream and cause life-threatening infections.

E. coli O157:H7 is a bacterial pathogen that has a reservoir in cattle and similar animals. Human illness typically follows consumption of food or water that has been contaminated with even microscopic amounts of cow feces. The illness it causes is often severe and typically provokes bloody diarrhea and painful abdominal cramps, without much fever. In 3 to 5 percent of cases, a complication called hemolytic uremic syndrome (HUS) can occur several weeks after the initial symptoms. This severe complication includes temporary anemia, profuse bleeding, and kidney failure.

Calicivirus, or Norwalk-like virus, is an extremely common cause of foodborne illness, though it is rarely diagnosed because the laboratory test is not widely available. It causes an acute gastrointestinal illness, usually with more vomiting than diarrhea. It usually resolves within two days. Unlike many food borne pathogens that have animal reservoirs, it is believed that Norwalk-like viruses spread primarily from one infected person to another. Infected kitchen workers can contaminate a salad or sandwich as they prepare it, if they have the virus on their hands. Infected fishermen, for instance, have contaminated oysters as they harvested them.

Preventing foodborne Illnesses

There is much that you can do to reduce your risk of suffering a foodborne illness. Foremost is to cook meat, poultry, and eggs thoroughly. Using a thermometer to measure the internal temperature of meat is a good way to be sure that it is cooked sufficiently to kill bacteria. For example, ground beef should be cooked to an internal temperature of 160 degrees F., poultry should reach a temperature of 185 degrees F., and eggs should be cooked until the yolk is firm.

You can also avoid contaminating foods by being sure to wash hands, utensils, and cutting boards after they have been in contact with raw meat or poultry and before they touch another food. In addition, always put cooked meat on a clean platter, rather than back on one that held the raw meat.

We recommend washing fresh fruits and vegetables in running tap water. Use a soft-bristle brush with a little a mild soap. For greens, we recommend soaking them in cold water as many times as needed to get them clean. Be sure to always wash the knife and cutting board after each use, and avoid leaving cut produce at room temperature for many hours.

Food Irradiation

Food irradiation is the use of ionizing radiation on foods, either packaged or in bulk form, usually in the form of gamma rays from radioactive materials. Food irradiation is used to delay the ripening and extend the shelf life of fruits; destroy harmful bacteria in fresh meat, poultry, and other foods; and inhibit the sprouting of certain vegetables such as potatoes, primarily to destroy microorganisms. Food irradiation does not make the food radioactive.

Food irradiation was approved in 1963 by the FDA to rid wheat and flour of insects and to control sprouting of potatoes. In 1983, the FDA approved irradiation of spices and seasonings, and in 1985, it approved irradiation to prevent trichinosis in pork. The following year, approval was extended to fruits and vegetables. In 1990, the FDA approved irradiation of poultry to prevent Salmonella and other foodborne bacterial pathogens. And in December 1997, the agency approved its use for red meat to kill E. coli. Next on the list of foods approved for irradiation may be fish and shellfish, to kill Salmonella, Vibrio (the organism that causes cholera), and other bacteria.

While more than forty countries have approved food irradiation, it is an extremely controversial practice. On one end of the spectrum, proponents say that food irradiation is safe and, in fact, necessary to make the food supply safer. In addition to reducing the risk for foodborne illness, food irradiation considerably reduces losses due to spoilage. On the other end of the spectrum, opponents are quick to point out the concern that irradiation produces altered food molecules, destroys most of the vitamins, and alters the fatty acid structures in food.

Even though there is a worldwide standard for food irradiation safety that was accepted in 1963 by the Codex Alimentarius Commission, a joint body of the U.N. Food and Agriculture Organization and the World Health Organization, our feeling is that the science conducted so far on food irradiation is far from complete. In other words, we question how there can be such a strong position on its safety without a more complete evaluation.

One of the real concerns about food irradiation is that it might be used to mask poor sanitation practices in food production. For example, instead of measures being taken to clean up and sanitize production facilities, food irradiation can be used as a way to mask fecal contamination of meat products and poultry.

Irradiated food sold in stores in the United States must, according to federal law, be identified with the green, flowerlike international symbol for irradiation. Labeling also must include the words “Treated with radiation” or “Treated by irradiation.” However, there is a move to allow the term “cold pasteurization” to be used instead. Also, since the federal government lacks jurisdiction over establishments selling prepared foods, irradiated foods are often sold without such labeling. In addition, irradiated ingredients need not be identified as such on labels of prepared and processed foods. Like other label requirements, when an irradiated food is later served at a restaurant or in food service, it does not have to be labeled.

FIGURE 3.1
International Logo for Irradiated Food
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Genetically Modified Food

The terms “genetically modified organism” (GMO) and “genetically modified foods” (GM foods) refer to plants or animals whose genes have been changed in the laboratory by scientists. All living organisms have genes written in their DNA. They are the chemical instructions for building and maintaining life. By modifying the genes, scientists can alter the characteristics of an organism. In agriculture, genetic engineering allows simple genetic traits to be transferred to crop plants from wild relatives, other distantly related plants, or virtually any other organism.

Manipulating the genetics of foods is not new. Traditional crop and animal breeding has been practiced since the early domestication of crops and livestock. Through traditional breeding and crossbreeding methods,genes have been transferred with the goal of exhibiting particular desirable traits. Natural breeding techniques are usually a slow process, given the nature of crop growing seasons and animal generation times.

With modern genetic engineering techniques, however, changes can be made virtually immediately, and there are much greater manipulation options, including moving genes within or between species. It is the movement of genes between species that is of the greatest concern.

The processes involved in making a transgenic crop are as follows.

Identification of an organism containing the desired gene; this can be from a plant, animal, or microorganism

Isolation of the desired gene from that organism

Creation of a modified genetic sequence by the fusion of the desired gene, a promoter sequence which controls the functioning of the gene, and a marker gene, for example, a fluorescent protein or an antibiotic resistance factor that allows the gene’s presence to be detected even when the target gene is not being actively expressed

Multiplication of the recombinant sequence, usually in bacteria, to produce multiple copies

Insertion of the copies of the desired gene into the organism to be modified, using either a particle (gene) gun or a biological agent

Selection of those organisms that have successfully taken up the desired gene using a selection test that recognizes only organisms that have adopted the marker gene

Multiplication of the modified plants

The modification made to a crop plant can relate to a factor of the plant that influences its physical characteristics. For example, one of the first GM foods was a tomato, the FlavrSavr tomato developed by Calgene. When natural tomatoes ripen, a gene is triggered to produce a chemical that makes the fruit go soft and eventually rot. With this gene modified, the Flavr-Savr tomato has a longer shelf life and firmer fruit.

Do We Need Genetic Engineering?

The argument for genetic engineering of food is that while the world population continues to expand, the area of land available for food production is finite. If the world’s population increases, food production must be increased. So proponents of GM foods argue that without its use there will not be enough food to meet the demands of future populations. This argument has some validity, but current techniques are not capable of expanding production that significantly, and the reality is that the primary reason for GM foods is to generate profits for large corporations seeking greater revenues.

Proponents also argue that the development of crops with enhanced resistance to weeds, pests, or diseases will lead to a reduction in the use of pesticide chemicals. The reality is that farmers who grow GM crops actually use more herbicide, not less. For example, Monsanto created Roundup Ready (RR) soy, corn, and cotton specifically so that farmers would continue to buy Roundup, the company’s best-selling chemical weed killer, which is sold with RR seeds. Instead of reducing pesticide use, one study of more than eight thousand university-based field trials indicated that farmers who plant RR soy use two to five times more herbicide than farmers who use traditional weed control methods.

Our View of GM Foods

We are concerned about the development of GM foods for several reasons. First of all, there is little scientific data on the long-term safety of GM foods. It may turn out that GM foods cause unexpected health consequences that will not be apparent for years. Second, genes from genetically modified plants have already been shown to be capable of escaping into the environment and contaminating natural crops. And third, manipulating genetic material changes the expression of proteins and antigens in foods, a situation that could lead to allergic reactions.

Since GM has already been shown to contaminate the natural variety of a crop, it is conceivable that they could also cross-fertilize with other plants, resulting in all varieties of a plant being the GM version. GM could also lead to nonproducing crops or even “superweeds” that could wreak havoc and overtake planted crops.

Another concern is that some GM foods, such as GM corn, are being manipulated to resist synthetic pesticides. As a result, more of the pesticide is being used and humans’ exposure to toxic pesticides is actually increasing while insects develop resistance to the pesticides’ toxic effects. Finally, we also respect the strong sentiment that genetic engineering is morally wrong as it implicates an attempt to modify nature beyond natural laws.

There does not seem to be a strong reason for GM foods, and the GM foods that have currently been introduced have not fulfilled their promise to reduce pesticide use or maintain the integrity of the environment. We therefore recommend choosing non-GM foods.

Food Additives

Food additives are used either to prevent foods’ spoiling or to enhance their flavor; they include such substances as preservatives, artificial colors, artificial flavorings, and acidifiers. Although the government has banned many synthetic food additives, it should not be assumed that all the additives currently used in our food supply are safe. A great number of synthetic food additives remain in use that are being linked to such diseases as depression, asthma or other allergies, hyperactivity or learning disabilities in children, and migraine headaches.

The FDA has approved the use of more than 2,800 different food additives. It is estimated that the per capita daily consumption of these food additives is approximately 13 to 15 grams. This amount is astounding and leads to many questions: Which food additives are safe? Which should be avoided? An extremist might argue that no food additive is safe. However, many food additives fulfill important functions in our modern-day food supply. Many compounds approved as additives are natural in origin and possess health-promoting properties, while others are synthetic compounds with known cancer-causing effects. In this section, we will help you distinguish between whole, natural foods and foods that are highly processed.

Colors

The total annual consumption of food coloring in the United States is approximately 120 million pounds for the entire population. Food color additives are officially designated as either certified or exempt from certification. The food color additives that are exempt from certification are primarily natural in origin. This reflects the popular belief that natural compounds are safer. This contention appears to hold up to scientific scrutiny. Table 3.1 lists the current status of food color additives.



	TABLE 3.1 Synthetic Color Additives Certified for Food Use



	Name/Common Name
	Hue
	Common Food Uses



	FD&C Blue No. 1/Brilliant Blue FCF
	Bright blue
	Beverages, dairy products powders, jellies, confections, condiments, icings, syrups, extracts



	FD&C Blue No. 2/Indigotine
	Royal blue
	Baked goods, cereals, snack foods, ice cream, confections, cherries



	FD&C Green No. 3/Fast Green FCF
	Sea green
	Beverages, puddings, ice cream, sherbet, cherries, confections, baked goods, dairy products



	FD&C Red No. 3/Erythrosine
	Cherry red
	Cherries in fruit cocktail and canned fruits for salads, confections, baked goods, dairy products, snack foods



	FD&C Yellow No. 5/Tartrazine
	Lemon yellow
	Custards, beverages, ice cream, confections, preserves, cereals



	FD&C Yellow No. 6/Sunset
	Yellow Orange
	Cereals, baked goods, snack foods, ice cream, beverages, dessert powders, confections



	FD&C Red No. 40/Allura Red AC
	Orange red
	Gelatins, puddings, dairy products, confections, beverages, condiments




One of the most widely used synthetic food colors is FD&C Yellow No. 5, or tartrazine. Tartrazine is added to almost every packaged food, as well as many drugs, including some antihistamines, antibiotics, steroids, and sedatives. In the United States, the average daily per capita consumption of certified dyes is 15 milligrams, of which 85 percent is tartrazine. Among children, consumption is usually much higher.

Although the overall rate of allergic reactions to tartrazine in the general population is quite low, allergic reactions due to tartrazine range from 20 to 50 percent in individuals sensitive to aspirin as well as other allergic individuals. Like aspirin, tartrazine is a known inducer of asthma, hives, and other allergic conditions, particularly in children. In addition, tartrazine, as well as benzoate and aspirin, increases the production of a compound that increases the number of mast cells in the body. Mast cells are involved in producing histamine and other allergic compounds. A person with more mast cells in the body will typically be more prone to allergies. For example, examination of patients with hives shows that more than 95 percent have an increase in mast cells.

In studies using provocation tests to determine sensitivity to tartrazine and other food additives in patients with hives, results have ranged from 5 to 46 percent. Diets eliminating tartrazine as well as other food additives in sensitive individuals have, in many cases, been shown to be of great benefit in patients with hives and other allergic conditions such as asthma and eczema. Obviously, people suffering from allergic conditions should eliminate artificial food colors from their diets.

THE FEINGOLD HYPOTHESIS


The hypothesis that food additives can cause hyperactivity in children stemmed from the research of Benjamin Feingold, M.D., and is commonly referred to as the “Feingold hypothesis.” According to Feingold, many hyperactive children, perhaps 40 to 50 percent, are sensitive to artificial food colors, flavors, and preservatives as well as to naturally occurring salicylates and phenolic compounds.

Feingold’s claims were based on his experience with more than 1,200 cases in which food additives were linked to learning and behavior disorders. Since Feingold’s presentation to the American Medical Association in 1973, the role of food additives as a contributing cause of hyperactivity has been hotly debated in the scientific literature. In actuality, however, researchers have focused on only 10 food dyes versus the 3,000 food additives with which Feingold was concerned.

At first glance, it appears that the majority of the double-blind studies designed to test this hypothesis have shown essentially negative results. However, upon closer examination of these studies and further investigation into the literature, it becomes evident that food additives do, in fact, play a major role in hyperactivity. In several of the studies, overwhelming evidence was produced. It is interesting to note that, while the U.S. studies have been largely negative, the reports from Australia and Canada have been more supportive. Feingold contended that there is a conflict of interest on the part of the Nutrition Foundation, an organization supported by major food manufacturers, such as Coca-Cola, Nabisco, and General Foods. It appears significant that the Nutrition Foundation has financed most of the negative studies. Feingold contends that the conflict of interest arises because these companies would suffer economically if food additives were found to be harmful. Other countries have significantly restricted the use of artificial food additives because of possible harmful effects discovered in studies conducted outside the United States.



Sweeteners

The three primary artificial sweeteners currently in use are saccharin (Sweet’N Low), aspartame (Equal, NutraSweet), and sucralose (Splenda). These sweeteners are among the most controversial of food additives. Advocates argue that the benefits provided outweigh the potential negative health effects. The perception is that consumption of these sweeteners will lead to a reduction in calories consumed. This, in turn, will lead to weight loss or prevention in weight gain. Unfortunately,this is not the case as detailed studies have not shown these sweeteners to reduce the amount of calories consumed or to have any significant effect on body weight. In fact, aspartame may actually increase appetite.

So if these sweeteners provide no benefits, what are the risks? Saccharin is a known cancer-causing compound in rats. And while these effects have not been noted in humans, it must be pointed out that saccharin has been shown to cause cancer in rats only if it is administered over two generations. Therefore, it might be that future generations may pay for the current consumption of saccharin. This effect on future generations may finally provide the firm evidence the American Medical Association’s Council on Scientific Affairs requires. This council has concluded that “until there is firm evidence of its [saccharin’s] carcinogenicity in humans, saccharin should continue to be available as a food additive.” However, if saccharin poses no benefit to health, as studies have shown, and there is a cloud of doubt that hangs over its safety, why should it be used?

Aspartame is composed of aspartic acid, phenylalanine, and methanol. Aspartame was approved for food use by the FDA in 1981, despite the final recommendation of the FDA Advisory Panel on aspartame that no approval be granted until safety issues could be resolved. Richard Wurtman, M.D., the pioneer in the study of nutrition and the brain, cautioned the FDA that, based on his extensive research, aspartame could significantly affect mood and behavior. Wurtman and other researchers have demonstrated that aspartame administration to animals, at levels comparable to those of high human consumption, alters brain chemistry.

While the long-term effects of aspartame are largely unknown, some people are quite sensitive to aspartame and report immediate reactions. Some of the problems associated with aspartame ingestion include seizures, migraine headaches, hives, and disturbances in nerve function. Aspartame is particularly problematic for some individuals who suffer from migraine headaches.

The newest member of the artificial sweetener family is sucralose, popularly known as Splenda. This sweetener is actually made from table sugar, sucrose, with newly attached chlorine molecules. Sucralose is six hundred times sweeter than sucrose and, unlike aspartame, does not break down when heated.

Although sucralose appears safer than either aspartame or saccharin, our top choice for a noncalorie sweetener is stevia, a natural sweetener extracted from the Stevia rebaudiana plant.

Stevia contains a molecule known as stevioside that is three hundred times sweeter than sugar and has an excellent safety profile. Stevia is used around the world for its incredible sweetening properties. Preliminary studies in animal models show that stevia lowers blood glucose levels and blood pressure—two effects of prime importance in dealing with diabetes. However, since it has not yet passed Food and Drug Administration testing as a food additive, it cannot be advertised as a sweetener in the United States. Since stevia preparations are not likely to be patented (you cannot patent something that exists in nature), no company has been willing to invest in the cost of FDA testing. Instead, it is sold as a “dietary supplement.” There are several different brands of stevia (Stevita, Stevia Plus, SweetLeaf), each with a slightly different taste.

Another new sweetener looks promising: tagatose (Naturlose). It is a low-calorie, natural sugar found in milk that has just attained GRAS (Generally Recognized as Safe) status, allowing it to be included in foods as a sweetener. Tagatose is a sugar molecule, similar to glucose, that is poorly absorbed. It also appears to be able to actually block the absorption of other sugars, including glucose. When tagatose was given to diabetics prior to an oral glucose tolerance test,their blood glucose levels were significantly reduced. We expect to see tagatose gaining a lot of attention as it enters the crowded sweetener category.

For easy reference, we rank the sweeteners below and assign each a recommended use level of liberal, moderate, conservative, and restrictive.



	TABLE 3.2 Ranking the Nonsugar Sweeteners



	Sweetener
	Other Names
	Recommended Use Level
	Comments



	Stevia
	Sweet leaf
	Liberal
	A natural sweetener extracted from the Stevia rebaudiana plant, it is 300 times sweeter than sucrose. Technically Stevia is a dietary supplement because it has not been evaluated or approved by the FDA as a sweetener. Preliminary studies show blood sugar—lowering and blood pressure—lowering effects.



	Tagatose
	 
	Moderate
	A naturally occurring sugar in milk that is 92% as sweet as sugar but is absorbed poorly. It does have some caloric value, about one third that of sugar. Studies show that tagatose actually blunts the glycemic response to sugar.



	Xylitol and other polyols (maltitol, sorbitol, mannitol, erythritol)
	 
	Moderate
	Polyols are roughly 60% as sweet as sucrose. They are poorly absorbed sugars that do not break down when heated. Higher dosages—for example, a single dosage of more than 10 to 30 or a daily intake of more than 40 to 80 grams—may produce laxative effect.



	Sucralose
	Splenda
	Conservative
	Sucralose is composed of sucrose with newly attached chlorine molecules. It is 600 times sweeter than sucrose and does not break down when heated.



	Aspartame
	NutraSweet, Equal
	Conservative
	A controversial sweetener that is reported to receive more complaints at the FDA than any other food substance. It is made from two amino acids naturally found in foods, phenylalanine and aspartic acid. Aspartame is 200 times sweeter than sucrose but loses sweetness when heated.




	Acesulfame K
	Sunett, Sweet One
	Restrictive
	Made from vinegar, acesulfame K is not broken down by the body. It is structurally related to saccharin and is 200 times sweeter than sucrose.



	Saccharin
	Sweet’N Low
	Restrictive
	Saccharin was initially removed from the market over fears that it was a carcinogen. It is 300 times sweeter than sucrose. Because of safety concerns, it is not recommended during pregnancy.




Antioxidants

Without antioxidants, many foods would spoil quite rapidly. The two most widely used are butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT). Like saccharin, these food additives have caused cancers in rats. However, there are other studies showing that these antioxidants actually protect against the development of cancers. In fact, many so-called experts in life extension have recommended that these substances be taken as a food supplement at very high doses, such as 2 grams per day. Based on extensive research, we feel this recommendation is extremely unwise as it is 100 times the estimated acceptable intake of BHA, BHT, or the sum of both, as set by the Joint Food and Agriculture Organization of the United Nations/World Health Organization Expert Committee on Food Additives. It is also more than 100 times the estimated inhibitory activity of these compounds and may actually promote cancer. While BHA and BHT may be safe at low levels in foods, in the future they will most likely be replaced by naturally occurring antioxidants.

Preservatives

Preservatives, such as sodium benzoate, nitrates, nitrites, and sulfites, work primarily to prevent spoilage by checking the growth of microorganisms. All of these preservatives have come under attack recently. In the case of nitrates and nitrites, these compounds are known carcinogens. Sulfites and benzoates, on the other hand, are capable of producing allergic reactions.

Benzoic acid and benzoates are the most commonly used food preservatives. Although for the general population the rate of allergic response is thought to be less than 1 percent, the frequency of positive challenges in patients with chronic hives or asthma varies from 4 percent to 44 percent. Sulfites pose even more of a problem. Sulfites were once widely used on produce at restaurant salad bars. Since most people were not aware that sulfites were being added and because most people were unaware they had a sensitivity to sulfites, many unsuspecting people experienced severe allergic or asthmatic reactions. For years the FDA refused to even consider a ban on sulfites, even while admitting that these agents provoked attacks in an unknown number of people and in 5 to 10 percent of asthma victims. It was not until 1985, when sulfite sensitivity was linked to fifteen deaths between 1983 and 1985, that the FDA agreed to review the matter. In 1986, the FDA finally banned the use of sulfites on produce and required labeling of other foods, such as wine, beer, and dried fruit, that have had sulfites added. The average person consumes an average of 2 to 3 milligrams per day of sulfites per day, while wine and beer drinkers typically consume up to 10 milligrams per day.

From the research, it is clear that all preservatives should be avoided, especially by people prone to allergies. The best way of doing this is to consume fresh, whole foods.

Pesticides

In the United States each year, more than 1.2 billion pounds of pesticides and herbicides are sprayed on or added to our crops. Although pesticides are designed to work against insects and other organisms, experts estimate that only 2 percent of pesticides actually serve their purpose, while more than 98 percent are absorbed into the air, water, soil, or food supply. Most pesticides in use are synthetic chemicals of questionable safety. The major long-term health risks include the potential to cause cancer and birth defects, while the major health risks of acute intoxication include vomiting, diarrhea, blurred vision, tremors, convulsions, and nerve damage.

The evidence for the cancer-causing capabilities of pesticides in animals is inadequate, and the formal opinion of many “experts” is that they pose no significant risk for the public or the farmer. Yet more and more human evidence is accumulating of increased cancer and birth defect rates after pesticide exposure, which seems to indicate that pesticides are not as safe as the “experts” would like us to believe. This situation reflects a major dilemma to scientists: Which is more valid, studies on laboratory animals or population studies on humans?

The history of pesticide use in this country is riddled with pesticides that were once widely used and then later banned due to health risks. Perhaps the best-known example of this is DDT. Widely used from the early 1940s to 1973, DDT was largely responsible for increasing farm productivity in this country, but at what cost? In 1962, Rachel Carson’s classic book Silent Spring detailed the full range of DDT’s hazards, including its persistence in the food chain and its deadly effects, but it was another ten years before the federal government banned the use of this deadly compound. Unfortunately, although DDT has been banned for nearly thirty years, it is still found in the soil and in root vegetables, such as carrots and potatoes.

The majority of pesticides currently used in the United States are probably less toxic than DDT and other banned pesticides, including aldrin, dieldrin, endrin, and heptachlor. However, many pesticides banned from use in the United States are shipped to other countries, such as Mexico, which then, in turn, send foods treated with pesticide back to the United States.

Although more than 600 pesticides are currently used in the United States, most experts are most concerned about only a relative few. The Environmental Protection Agency (EPA) has identified 64 pesticides as potential cancer-causing compounds, with 80 percent of our cancer risk due to 13 pesticides that are widely used on 15 important food crops. The pesticides are linuron, permethrin, chlordimeform, zineb, captafol, captan, maneb, mancozeb, folpet, chlorothalonil, metiram, benomyl, and O-phenylphenol. These pesticides are found in many crops and animal products, but those of greatest concern in descending order are tomatoes, beef, potatoes, oranges, lettuce, apples, peaches, pork, wheat, soybeans, beans, carrots, chicken, corn, and grapes.

Pesticide residue levels in food are monitored by both state and federal regulatory agencies. Such monitoring is used to enforce legal tolerance levels. However, there has been increasing public and governmental concern of the adequacy of the residue-monitoring programs. In theory, here is how the monitoring system is designed to work: The EPA establishes a tolerance level for pesticides in raw or unprocessed foods utilizing available data. The Food and Drug Administration (FDA) is then responsible for enforcing the EPA limits. Individual state organizations, such as departments of health and agriculture, may also be involved in the monitoring of food safety.

Where this system falls short is not simply in the determination of the tolerance level; more important are the facts that (1) probably less than 1 percent of our domestic food supply is screened by the FDA; (2) the FDA does not test for all pesticides; and (3) the FDA does not prevent the marketing of the foods that it finds contain illegal residues.

A number of pesticide poisoning epidemics have been reported over the years. The largest to date occurred in 1985. It involved the use of aldicarb, an extremely toxic pesticide, and its illegal use on watermelons. Aldicarb is a systemic pesticide, which means that it permeates the entire fruit. More than one thousand people in the western United States and Canada were struck. Illness ranged from mild gastrointestinal upset to severe poisoning that included vomiting, diarrhea, blurred vision, tremors, convulsions, and nerve damage.

While the EPA and FDA estimate that excessive pesticide residues are found on about 3 percent of domestic and 6 percent of foreign produce, and acceptable levels are found in 13 percent of domestic produce, other organizations report much higher estimates. For example, the National Resources Defense Council conducted a survey of fresh produce sold in San Francisco markets for pesticide residues and found that 44 percent of seventy-one fruits and vegetables had detectable levels of nineteen different pesticides, with 42 percent of produce with detectable pesticide residues containing more than one pesticide. The sheer number and amount of pesticides showered on certain foods are astounding. For example, more than 50 pesticides are used on broccoli, 110 on apples, and 70 on bell peppers. As many of the pesticides penetrate the entire fruit or vegetable and cannot be washed off, it is obviously best to buy organic foods.

Many supermarket chains and produce suppliers are employing their own testing measures for determining the pesticide content of produce and are refusing to stock foods that have been treated with some of the more toxic pesticides, such as alachlor, captan, or EBDCs (ethylene bisdithiocarbamates). In addition, many stores are asking growers to disclose all pesticides used as well as to phase out the use of the 64 pesticides suspected of being capable of causing cancers. Ultimately, it will be pressure from consumers that will have the greatest influence on food suppliers. Encouragingly, crop yield studies support the use of organic farming if the risk to human health of using pesticides is added to the equation.

USDA CERTIFIED ORGANIC


The U.S. Department of Agriculture put in place a set of national standards in 2002 for food labeled “organic,” whether it is grown in the United States or imported from other countries. Organic food is produced by farmers who emphasize the use of renewable resources and the conservation of soil and water to enhance environmental quality for future generations. Organic meat, poultry, eggs, and dairy products come from animals that are given no antibiotics or growth hormones. Organic food is produced without using most conventional pesticides; fertilizers made with synthetic ingredients or sewage sludge; bioengineering; or ionizing radiation. Before a product can be labeled “organic,” a government-approved certifier inspects the farm where the food is grown to make sure the farmer is following all the rules necessary to meet USDA organic standards.

The USDA developed a seal to certify that a food is organic. But the use of the seal is voluntary, so some organic foods may not be labeled with the USDA seal. People who sell or label a product as “organic” when they know it does not meet USDA standards, however, can be fined up to $10,000 for each violation.
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United States Department of Agriculture Logo for Organic Foods



Waxes

In addition to pesticides, consumers must be aware of the waxes applied to many fruits and vegetables to seal in the water contained in the produce, thereby keeping the produce looking fresh. According to FDA law, grocery stores must display a sign noting that waxes or postharvest pesticides have been applied. Unfortunately, most stores do not comply with the law, and the FDA lacks the manpower to enforce it. Currently, the FDA has approved six different waxes for use on produce. Approved compounds include shellac, paraffin, palm oil derivatives, such as carnauba wax, and synthetic resins. These same items are used in furniture, floor, and car waxes. Foods to which these compounds may be applied include apples, avocados, bell peppers, cantaloupes, cucumbers, eggplants, grapefruits, lemons, limes, melons, oranges, parsnips, passion fruits, peaches, pineapples, pumpkins, rutabagas, squashes, sweet potatoes, tomatoes, and turnips.

One of the main reasons the waxes are added is to keep the produce from spoiling during the often long period of time from harvest to the grocery store shelves. If grocery store chains bought more local produce, the produce would not require chemicals to keep it looking fresh. Instead the large chains sign contracts with large produce suppliers, regardless of their location. This is why, for example, a grocery store in New York is stocked with Washington State apples and California broccoli.

The waxes themselves probably pose little health risk; however, most waxes have powerful pesticides or fungicides added to them. Since the waxes cannot be washed off with water, the fungicide or pesticide literally becomes cemented to the produce.

How to Reduce Your Exposure

Here are some recommended methods of reducing exposure to pesticides as well as tips on removing the surface pesticide residues, waxes, fungicides, and fertilizers from produce:

1. Buy organic produce. In the context of food and farming, the term organic is used to imply that the produce was grown without the aid of synthetic chemicals, including pesticides and fertilizers. Although less than 3 percent of the total produce grown in the United States is grown without the aid of pesticides, organic produce is widely available.

2. If organic produce is not readily available, develop a good relationship with your local grocery store produce manager. Explain to him or her the desire to reduce your exposure to pesticides and waxes. Ask what measures the store takes to ensure that pesticide residues are within the tolerance limits. Ask where it gets its produce, as foreign produce is much more likely to contain excessive levels of pesticides as well as pesticides that have been banned in the United States due to suspected toxicity. And try to buy local produce that is in season.

3. To remove surface pesticide residues, waxes, fungicides, and fertilizers, soak the produce in a mild solution of additive-free soap, such as Ivory or pure castile soap from the health food store, and then rinse off. An even better solution is to use Fit®, a commercially available produce wash (see www.texfit.com for more information).

4. Simply peel off the skin or remove the outer layer of leaves. The downside of this is that many of the nutritional benefits are concentrated in the skin and outer layers.

The Benefits of Organic Foods

While some may say that even whole, organic foods have compounds in them that are poisonous or have been linked to cancer in animal studies, this argument contains some major shortcomings. First of all, while it is true that there are poisonous compounds in nature, rarely are they found in common organic foods. When potentially harmful compounds are contained in an organic food, the whole, organic food also provides a wide range of compounds that protect the body from harm. Potentially harmful food additives, on the other hand, are typically added to artificially preserve freshness in some foods or to nutritionally poor foods, such as cured meats and junk foods. Take nitrates as an example. Many common vegetables, such as celery, radishes, and beets, are rich sources of nitrates. The concern about nitrates is that they can be converted to nitrites and then to cancer-causing compounds known as nitrosamines in the gut. However, there are compounds in these vegetables, such as vitamin C and flavonoids, that prevent the conversions from taking place. In contrast, the nitrites and nitrates added to cured meats are easily converted to the cancer-causing nitrosamines. Cured meats are also high in saturated fats and salt and contain other food additives.

Far from being poisonous, organic foods have many benefits. By eating organically grown foods, you:

Reduce your exposure to health-robbing toxins used in conventional agricultural practices, including not only pesticides, but also heavy metals, such as lead and mercury, and solvents, such as benzene and toluene. A number of pesticides have already been recognized as carcinogens, while others have been shown to affect mitochondrial energy production negatively, and still others have been shown to damage cellular membranes, triggering inflammation that has been linked to atherosclerosis. Heavy metals lower IQ and damage nerve function, contributing to neurodegenerative diseases, such as Parkinson?s and Alzheimer?s diseases and multiple sclerosis. And solvents damage white cells, the immune system defenders that enable the body to resist infections. Not only are these toxic substances harmful singularly, but when combined, as they are in commercially grown and processed food, their effects in the human body, where they accumulate, have been found to be magnified as much as a thousandfold.

Increase your consumption of health-promoting micronutrients. A number of studies have demonstrated that organically grown produce contains significantly higher amounts of many vitamins and minerals. In a 1988 review of thirty-four studies that compared organic with conventionally grown foods, organic food was found to have higher protein quality in all comparisons, higher levels of vitamin C in 58 percent of all studies, and 5 to 20 percent higher mineral levels for all but two minerals. In some cases, the mineral levels were dramatically higher in organically grown foods and were as much as three times higher in one study involving iron content. Organically grown foods also contain higher amounts of plant-protective compounds, such as flavonoids and carotenoids, which are highly desirable for human consumption. Take resveratrol, for example. Resveratrol is a compound produced by grapes in self-defense against environmental stressors, such as attack by insects or fungal infection. Organically grown grapes have been found to produce much higher amounts of resveratrol than conventionally grown grapes, which are already protected by treatment with man-made fungicides.

Safeguard your children’s health. Reports from the Natural Resources Defense Council (1989) and the Environmental Working Group (1998) found that millions of American children are exposed to levels of pesticides through their food that surpass limits considered safe. Some of these pesticides are known neurotoxins with the potential to harm a developing brain and nervous system. Others, with carcinogenic activity, may wreak even more damage in children and adolescents, whose higher growth rates equal higher rates of cell turnover, particularly as their sexual organs develop.

Safeguard the health of the environment. Residues from toxic chemicals used in conventional farming methods remain in the soil and leach into groundwater. According to the Environmental Protection Agency, pesticides, some known to be carcinogens, now pollute the groundwater—the primary source of drinking water—in thirty-eight states, affecting more than half the country?s population. The use of chemical-dependent farming methods has not only adversely impacted soil and water but also reduced the biodiversity, nutrient quality, and taste of our foods since synthetic nitrate fertilizers cause nitrate to bind to water, which makes the produce look good but lessens its flavor. Organic farming practices work to preserve and protect the environment by maintaining a restorative and sustainable biosystem, which improves soil quality, preserves water purity, encourages biodiversity, and, by nourishing the soil, produces plants rich in flavor as well as nutrients.

Water

There is currently a great concern about our water supply. It is becoming increasingly difficult to find pure water. Most of our water supply is full of chemicals, including not only chlorine and fluoride, which are routinely added, but a wide range of toxic and organic compounds and chemicals, such as PCBs, pesticide residues, nitrates, and heavy metals such as lead, mercury, and cadmium. It is estimated that lead alone may contaminate the water of more than 40 million Americans.

In an effort to reduce the exposure to these toxic compounds roughly two million home water filtration units are purchased annually. What is the best home filtration unit? It depends on the predominant toxin. For example, if the primary toxin is lead, a carbon filter provides very little benefit. This is significant since carbon filters are the most popular water purification units sold. To determine the safety of your tap or well water, contact your local water company. Most cities have a quality assurance program that performs routine analyses. Simply ask for the most recent analysis. There are also private water-testing companies that will test your water for a fee. Once you have your water analyzed and determine the predominant toxin, if any, you can make an informed decision about the water purification unit that’s right for you.

Water Purification Units

GRANULATED ACTIVATED CARBON

These units tend to be small and attach to the faucet head. Carbon has been used for centuries as a filtering substance. Activated carbon is specially treated carbon designed to increase the absorptive surface area. Impurities are bound by the carbon as the water passes through.

The major problem with granulated carbon units is that the air spaces between the carbon particles can serve as a breeding ground for bacteria and other organisms. To compensate, many companies impregnate the carbon with silver to kill the bacteria. However, this simply creates additional concerns of silver toxicity and reduced filtration capacity. In short, there are better alternatives to this form of carbon filter.

SOLID CARBON BLOCK

These units alleviate much of the concern over breeding microorganisms. They are quite effective at removing chlorine, bacteria, pesticides, and other organic chemicals, yet maintain dissolved minerals, such as calcium, magnesium, and fluoride. Unfortunately, some of the dissolved minerals, such as lead, mercury, and arsenic, that are detrimental to health are not filtered by these units. A filter should have a prefiltration unit to remove sediment and should be changed a minimum of every six months.

REVERSE OSMOSIS

These units range from small home units to those of industrial size. In reverse osmosis units the water is filtered through small pores the size of water molecules of a special membrane. Often, a solid carbon unit is attached to remove any contaminants that may have passed through the membrane. A reverse osmosis unit eliminates nearly all contaminants, as well as all minerals. The disadvantages of reverse osmosis units are their cost, lack of water conservation (they lose up to 7 gallons of water for every 1 gallon of drinking water obtained), limited water output, and bulky size.

DISTILLED WATER

The purest water is distilled water. The distillation process involves vaporizing water into steam and then cooling it in a separate chamber or through coils. When vaporized, the steam rises and the impurities remain behind. The steam then passes into the cooling chamber, where through condensation the water will once again be in liquid form. Distillation is extremely effective at eliminating most impurities. The only possible exception may be volatile pollutants, which vaporize along with the water. Filtering the water through a carbon filter prior to distillation will overcome this concern.

The disadvantages of distillation are the energy needs of the unit, the cost, and the slow output. There is also the concern that since distilled water has all minerals removed, drinking distilled water may “leach out” minerals such as calcium, magnesium, and fluoride from the body.

More and more evidence is accumulating about the dangerous health effects of pesticides, food additives, and other contaminants of our food supply. In addition, there is growing concern about the potential harm of irradiated and genetically modified foods. The bottom line for a health-promoting diet is to reduce the intake of these potentially harmful substances, foods laden with empty calories, additives, and artificial sweeteners, and replace them with natural foods, preferably organically grown and non-GMO. As for our water supply, its safety is also being scrutinized, for good reason. Check your water supply to make sure it is safe. If it isn’t, invest in a home water purification unit that will remove the impurities.
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Food Components



Protein

The word “protein” is derived from the Greek proteios, or “primary.” The name is fitting as, after water, protein is most plentiful component of our body. The body manufactures proteins to make up hair, muscles, nails, tendons, ligaments, and other body structures. Proteins also function as enzymes, hormones, and important components of other cells, such as our genes. The human body contains somewhere between 30,000 and 50,000 unique proteins. The building blocks of all proteins are molecules known as amino acids.

The body strives to make good use of its protein. During a single day, about a pound of an adult’s body protein is broken down into amino acids and reassembled into new proteins. The protein is either broken down or manufactured to allow us to maintain the integrity of the proteins subjected to daily wear and tear. This protein turnover allows us to grow, heal, remodel, and internally defend ourselves on a continual basis. Since there is some loss and although we can manufacture some amino acids, adequate dietary protein intake is essential in providing us with those amino acids that we cannot make, called essential amino acids.

The government-mandated Recommended Dietary Allowance (RDA) for protein is based on body weight. Take a minute to calculate your protein requirement. The amount is usually considerably less than the amount most Americans typically take in. The RDA is as follows:


Multiply .36 gram by your weight in pounds or .8 gram by your weight in kilograms. This will equal the grams of protein needed each day. For example, a woman who weighs 118 pounds would require 43 grams of protein each day (.36 118 43 grams). A man who weighs 60 kilograms would require 48 grams of protein each day (.8 60 = 48 grams).



The average American easily reaches and often exceeds this protein requirement without even being on a high-protein diet. Actual daily protein consumption ranges from 88 to 92 grams for men and from 63 to 66 grams for women.

There are, however, many conditions in which extra protein is needed, including childhood/adolescence (growth), pregnancy, lactation, intense strength and endurance training, and when living with some diseases, such as AIDS and cancer. Elderly persons also may require additional amounts of protein. In these cases, multiply .8 gram by your weight in pounds. This will equal the grams of protein needed each day in a high-protein diet.

Since the body does not need or use excess protein, excess protein can become a burden for the kidney and liver—two organs that are in charge of getting rid of wastes. And, contrary to popular belief, you can get fat eating a high-protein diet. Excess protein intake increases the use of amino acids as a daily energy source, which decreases the breakdown and utilization of fat for energy, thereby promoting increased body fat content.

Protein Deficiency

Protein deficiency is still a big problem in developing countries. It affects mainly young children and is the result of both too little food in general and too little protein in the diet. The two most common forms of protein deficiency are marasmus and kwashiorkor.

Marasmus occurs mainly in infants under one year of age who have been weaned off breast milk onto a diet containing too few calories and too little protein. As a result, the child becomes severely underweight and very weak and lethargic.



	TABLE 4.1 Recommended Dietary Intake of Protein



	 
	Age
	U.S. RDA (grams)



	Infants
	Up to 6 months
	13



	 
	6 months-1 year
	14



	 
	1-3 years
	16



	Children
	4-6 years
	24



	 
	7-10 years
	28



	Males
	11-14 years
	45



	 
	15-18 years
	59



	 
	19-24 years
	58



	 
	25-50 years
	63



	 
	51+ years
	63



	Females
	11-14 years
	46



	 
	15-18 years
	44



	 
	19-24 years
	46



	 
	25-50 years
	50



	 
	51+ years
	50



	Pregnant women
	 
	60



	Lactating
	First 6 months
	65



	mothers
	Second 6 months
	62




Kwashiorkor tends to occur in older children who have been weaned onto a diet high in starchy foods but whose diet is still too low in calories and protein. A child with kwashiorkor is severely underweight, but this is often masked by edema (water retention), which makes the face moon-shaped and the arms and legs look plump. The hair is thin and discolored, and the skin may show patches of scaliness and variable pigmentation.

Amino Acids and Protein Structure

As mentioned, proteins are composed of individual building blocks known as amino acids. Amino acids are compounds containing carbon, hydrogen, oxygen, nitrogen, and in some cases sulfur. All amino acids have an acid group and an amino group attached to a carbon atom. Figure 4.1 shows the general structure of an amino acid. The R in the figure signifies a different molecule for every amino acid. In the simplest amino acid, glycine, R is a hydrogen atom, but in other amino acids the R is much more complex.

The human body can manufacture most of the amino acids required for making body proteins. However, there are nine essential amino acids that the body cannot manufacture. The quality of a protein source is based on its level of these essential amino acids along with its digestibility and ability to be utilized by the body.

The amino group of one amino acid can link with the acid group or carboxyl end of another amino acid to form a chain. The link is called a peptide bond. When two amino acids are joined together, a dipeptide is formed; when many amino acids join together, a polypeptide is formed. A typical protein may contain 500 or more amino acids, joined together by peptide bonds. Each protein has its own specific number and sequence of amino acids.

FIGURE 4.1
Basic Amino Acid Structure

[image: Image]



	TABLE 4.2 Essential and Nonessential Amino Acids



	Essential Amino Acids
	Nonessential Amino Acids



	Arginine*

	Alanine



	Histidine*

	Asparagine



	Isoleucine
	Aspartic acid



	Leucine
	Cysteine



	Lysine
	Glutamic acid



	Methionine
	Glutamine



	Phenylalanine
	Glycine



	Threonine
	Proline



	Tryptophan
	Serine



	Valine
	Tyrosine



	
*Essential during growth.






Some smaller proteins exist as a somewhat straight chain of amino acids, but most proteins exist in a complex three-dimensional pattern. Links between amino acids will contort themselves based upon the sequencing of the amino acids. Some amino acids are attracted to other amino acids in the chain, while others are repulsed. This is due to either opposing or similar charges associated with the side chains of amino acids. Also, as the amino acid chain bends, twists, and warps about three-dimensionally, certain amino acids will bond covalently, creating a disulfide bond, to other amino acids on another part of the chain. This helps stabilize the final three-dimensional design.



	TABLE 4.3 Number and Sequence of Amino Acids



	Name
	Description



	Dipeptide
	Linkage of 2 amino acids



	Tripeptide
	Linkage of 3 amino acids



	Peptides
	Linkage of 4 to 10 amino acids



	Polypeptides
	Linkage of greater than 10 amino acids



	Proteins
	Very long linkages of amino acids (>100) and/or more than one linkage complexed together






	TABLE 4.4 Examples of Substances Made of Individual Amino Acids



	Amino Acid
	Substances Made of the Amino Acid



	Tryptophan
	Serotonin



	Lysine and methionine
	Carnitine



	Methionine, glycine, and arginine
	Creatine



	Methionine
	Sadenosylmethionine



	Aspartic acid and glutamine
	Pyrimidines



	Aspartic acid, glutamine, and glycine
	Purines



	Tyrosine or phenylalanine
	Epinephrine, norepinephrine, thyroid hormone, dopamine




Individual amino acids can also be used to make certain hormones and neurotransmitters, such as epinephrine, serotonin, norepinephrine, and thyroid hormone. In addition, amino acids are used to make other important substances, such as choline, carnitine, and nucleic acids in our DNA.

Protein Quality

A complete protein source is one that provides all of the nine essential amino acids in adequate amounts. Animal products such as, meat, fish, dairy, and poultry, are examples of complete proteins. Plant foods, especially grains and legumes, often lack one or more of the essential amino acids, but become complete protein sources when they are combined. For example, combining grains with legumes results in a complete protein as the two protein sources complement each other in their amino acid profiles. With a varied diet of grains, legumes, fruits, and vegetables, a person is almost assured complete proteins, as long as the calorie content of the diet is high enough. Nonetheless, when electing to eat less animal food in the diet, it is important to design the diet to provide adequate amounts of protein.

In order to assess the quality of a protein, scientists measure the proportion of the amino acids that are absorbed, retained, and used in the body to determine the protein’s biological value (BV). The food source that has the highest biological value protein is whey protein. Whey is a natural by-product of the cheese-making process. Cow’s milk has about 6.25 percent protein. Of that protein, 80 percent is casein (another type of protein), and the remaining 20 percent is whey. When cheese is made, it uses the casein molecules, leaving the whey behind. Whey protein is made via filtering off the other components of whey, such as lactose, fats, and minerals.

Whey protein is a complete protein because it contains all essential and nonessential amino acids. One of the key reasons why the BV of whey protein is so high is that it has the highest concentrations of glutamine (an amino acid discussed on page 64) and branched-chain amino acids (BCAAs) found in nature. Glutamine and branched-chain amino acids are critical to cellular health, muscle growth, and protein synthesis.

Although whey protein is most popularly used by body builders and athletes looking to increase their protein intake, it can also be used to support recovery from surgery, prevent the “wasting syndrome” of AIDS and cancer, and offset some of the negative effects of radiation therapy and chemotherapy.

Eggs contain the second highest quality food protein known. Some people consider the egg to be a nearly perfect food. In fact, egg protein is often the standard by which all other proteins are judged.

Animal Protein Versus Plant Protein

In the United States, it is estimated that approximately 72 percent of protein in the diet is from animal products—specifically, 49 percent from meat, fish, and poultry; 18 percent from dairy products; and 4 percent from eggs. In contrast, plant foods account for only 28 percent of protein intake. Grain products provide 18 percent, fruits and vegetables provide about 8 percent, and legumes about 3 percent.



	TABLE 4.5 Biological Value of Selected Protein Sources



	Food
	Biological Value



	Whey protein concentrates/isolates
	110159



	Whey protein
	104



	Egg protein
	100



	Whey (ion-exchange, microfiltered)
	100



	Whole egg
	93.7



	Milk
	84.5



	Fish
	76.0



	Beef
	74.3



	Soybeans
	72.8



	Rice, polished
	64.0



	Wheat, whole
	64.0



	Corn
	60.0



	Beans, dry
	58.0




It is often difficult to separate the effects of animal protein from the effects of animal fats because they are so highly correlated. That is, when animal protein intake is high, animal fat intake is typically also high. This makes it difficult for researchers to determine what the effects of a high-protein diet are based on population studies, as the source of protein cannot be identified. Despite this obstacle, there is much evidence that reliance on animal proteins to meet protein requirements is linked to the development of several chronic degenerative diseases. For example, there is evidence that the body handles animal proteins differently from plant proteins. This is supported by population studies and animal studies comparing vegetarians to omnivores. Such evidence indicates that it is not simply a matter of protein quantity that is important but that the source of the protein is equally important.

A high intake of animal protein is linked to heart disease, many cancers, high blood pressure, kidney disease, osteoporosis, and kidney stones. Heart disease and high blood pressure are associated with increased intake of animal fats as well as animal protein. Cancer can be caused by proteins that are altered in some cooking processes, such as grilling and blackening, and by the action of gut bacteria on undigested protein. The kidneys are responsible for eliminating the breakdown products of protein, too much of which can have a damaging effect. The last two diseases deal with calcium metabolism as a high-protein diet increases the excretion of calcium in the urine. Simply raising the intake of protein from 47 grams per day to 142 grams per day doubles the excretion of calcium in the urine. A diet this high in protein, common in the United States, is a significant factor in the increased number of people suffering from osteoporosis and kidney stones in this country. A vegetarian diet is associated with a reduced risk of developing the abovementioned diseases.

Special Amino Acids

Special amino acids of specific interest in regard to growth and development, metabolism, and protection from environmental chemicals as well as a variety of diseases. They include arginine, the branchedchain amino acids, glutamine, lysine, methionine and cysteine, and taurine.

Arginine

Arginine is an amino acid that plays an important role in wound healing, detoxification reactions, immune functions, and promoting the secretion of several hormones, including insulin and growth hormone. Recently there has been a considerable amount of scientific investigation regarding arginine’s role in the formation of nitric oxide. This compound plays a central role in determining the tone of blood vessels. Specifically, it exerts a relaxing effect on blood vessels, thereby improving blood flow. Normally, the body makes enough arginine, even when the diet is lacking. However, in some instances the body may not be able to keep up with increased requirements and supplementation may prove useful.

Foods high in arginine are chocolate, peanuts, seeds, and nuts such as almonds and walnuts.

CARDIOVASCULAR DISEASE

Arginine supplementation is proving to be beneficial in a number of cardiovascular diseases, including angina pectoris, congestive heart failure, high blood pressure, and peripheral vascular insufficiency (decreased blood flow to the legs or arms). Its beneficial effect in all of these disorders shares a common mechanism: increasing nitric oxide levels. Nitric oxide plays a central role in regulating blood flow. By increasing nitric oxide levels, arginine supplementation improves blood flow, reduces blood clot formation, and improves blood fluidity (the blood becomes less viscous and therefore flows through blood vessels more easily). The degree of improvement offered by arginine supplementation in angina and other cardiovascular diseases can be quite significant as a result of improved nitric oxide levels.

INTERSTITIAL CYSTITIS

Interstitial cystitis is characterized by symptoms typical of a urinary tract infection (pain or burning upon urination, sense of urgency, and increased urinary frequency), but without evidence of an infection. Compared to people without interstitial cystitis, nitric oxide manufacture is decreased in patients with chronic interstitial cystitis.

Nitric oxide plays a role in bladder function. Since arginine is the building block substance for nitric oxide manufacture, researchers have sought to find out if arginine supplementation can improve interstitial cystitis. In a pilot study, good results were observed in ten patients receiving 1,500 milligrams of arginine daily after one month of use. In a follow-up double-blind study, fifty-three interstitial cystitis patients were assigned to receive 1,500 milligrams of arginine daily or a placebo orally for three months. Results indicated that 48 percent of the patients receiving arginine compared to 24 percent of the placebo group experienced a decrease in pain intensity and a tendency toward improvement in urgency and frequency of pain. These results indicate that arginine is helpful in some interstitial cystitis patients. Further research is needed to help identify responders.

MALE INFERTILITY

Arginine supplementation is often, but not always, an effective measure to improve male fertility. The critical determinant appears to be the level of the sperm count. If the sperm count is less than 20 million per milliliter, arginine supplementation is less likely to be of benefit.

In order to be effective for increased fertility, it appears that the dosage of L-arginine should be at least 4 grams a day for three months. In perhaps the most favorable study, 74 percent of 178 men with low sperm counts had significant improvements in sperm counts and motility.

Please note: L-arginine therapy should be reserved for use after other nutritional measures have been tried; other underlying nutritional requirements may be present and should be addressed as they cannot be corrected by L-arginine therapy alone.

PROMOTION OF GROWTH HORMONE SECRETION

One of the more popular uses of arginine supplementation has been to promote secretion of growth hormone by the pituitary gland. Growth hormone is responsible for stimulating muscle and skeletal growth. Bodybuilders often utilize arginine supplementation in an attempt to boost their natural output of growth hormone.

ARGININE WARNING

Because the herpesvirus utilizes arginine, diets high in arginine in people harboring the herpesvirus may lead to reactivation. For this reason, it is important to balance the intake of arginine by also increasing the intake of lysine. See Table 20.2 on page 729 for more information. 

The fact that arginine increases growth hormone output is generally accepted. In fact, measuring growth hormone levels in the blood after arginine is administered intravenously is used to gauge whether a child or adult is secreting enough growth hormone. However, arginine supplementation does not appear to be able to enhance growth hormone release in older subjects, above the age of 65.

Branched-Chain Amino Acids

The branched-chain amino acids (BCAAs) are leucine, isoleucine, and valine. These essential amino acids are very important for the maintenance of muscle tissue and appear to preserve muscle stores of glycogen, a storage form of carbohydrate that can be converted into energy. Some researchers think that a fall in the plasma concentration of BCAAs contributes to fatigue in endurance events, but attempts to enhance endurance performance with BCAA supplementation have been inconclusive.

BCAAs are found in most high-protein foods, with dairy products and red meat containing the greatest amounts.

Glutamine

Glutamine is the most abundant amino acid in the body and is involved in more metabolic processes than any other amino acid. It is also the most abundant amino acid in the blood and in the free amino acid pool of skeletal muscle. Glutamine stimulates the synthesis and inhibits the degradation of proteins and is an energy source for muscle cell division. Glutamine is also a precursor for the synthesis of amino acids, proteins, nucleotides, glutathione, and other biologically important molecules. Glutamine has an anabolic effect on skeletal muscle.

Glutamine is especially important in serving as a source of fuel for cells lining the intestines and for the proper functioning of white blood cells. It is important to these particular cells because glutamine is utilized at higher rates by these and other rapidly dividing cells. Without glutamine, these cells will not divide properly.

Glutamine is a major amino acid in most foods. In general, the higher the protein content, the higher the glutamine content. Whey protein and eggs are two particularly good sources of glutamine.

ENHANCING ATHLETIC PERFORMANCE

Some evidence suggests that overtraining results in low glutamine levels and that glutamine supplementation can help prevent over training in the first place, as well as help an athlete recover from over training. Plasma glutamine concentrations increase during exercise. However, during the postexercise recovery period, plasma glutamine concentrations decrease significantly. Several hours of recovery are required before plasma levels are restored to preexercise levels. If recovery between exercise bouts is inadequate, the acute effects of exercise on plasma glutamine concentrations can be cumulative, leading to very low levels of glutamine. This situation can have extremely detrimental effects on athletic performance and muscle growth. Glutamine supplementation has been shown to boost muscle levels of glutamine and promote muscle protein synthesis. However, it does not appear to enhance exercise performance. Instead, the clearest benefit of glutamine supplementation in athletes is in prevention of infections.

IMPROVING IMMUNE FUNCTION

Glutamine supplementation has been shown to boost immune function and fight infection. These effects have been best demonstrated in endurance athletes (extreme exercise suppresses the immune system) and critically ill subjects. In fact, its importance is becoming well appreciated in conventional medical circles, as it is an extremely important component of intravenous feeding mixes in hospitals. Double-blind studies have shown supplementation with glutamine to dramatically increase survival in critically ill subjects. However, it is not known if glutamine supplementation enhances immune function in healthy individuals.

PEPTIC ULCERS

Glutamine promotes the healing of peptic ulcers. In a double-blind study of 57 patients with peptic ulcers, 24 took 1.6 grams of glutamine per day, and the rest used conventional therapies, such as antacids and antispasmodics. Glutamine proved to be the more effective treatment. According to X-ray analysis, half of the glutamine patients showed complete healing within two weeks, and 22 of the 24 showed complete relief and healing within four weeks. In addition, cabbage juice, which has been shown to be so beneficial in the healing of ulcers, is quite high in glutamine.

PREVENTION OF CHEMOTHERAPY SIDE EFFECTS

Glutamine, given its importance to the cells of the lining of the gastrointestinal tract and immune system, has been shown to prevent the mouth ulcers (stomatitis), muscle and joint pain, and suppression of the immune system in cancer patients receiving some types of chemotherapy, most notably 5-fluorouracil and paclitaxel (Taxol).

Lysine

Lysine is an essential amino acid required for many body functions, including growth and bone development in children; calcium absorption and maintenance of the correct nitrogen balance in the body; maintenance of lean body mass; production of antibodies, hormones, and enzymes; collagen formation and repair of tissue.

Since lysine helps with the building of muscle protein, higher intakes of lysine are useful for patients recovering from injuries or operations, and lysine supplementation may be used to help maintain healthy blood vessels.

The most popular use of lysine is in fighting herpes infections and cold sores. Herpesviruses require arginine to replicate; in fact, the very presence of arginine appears to simulate replication. In contrast, lysine appears to block the effects of arginine and thus has antiviral activity.

Foods high in lysine include most vegetables, legumes, fish, turkey, and chicken. See Table 20.2 on page 729 for more information.

Methionine and Cysteine

Methionine and cysteine are interconvertible sulfur-containing amino acids. Methionine is considered an essential amino acid; cysteine is not. These sulfur-containing amino acids are very important to the health of connective tissue, joints, hair, skin, and nails. They are also utilized by the body in detoxification reactions, helping the body to excrete heavy metals, and reducing bladder irritation by regulating the formation of ammonia in the urine.

Methionine is also converted in the body to S-adenosyl-L-methionine (SAM,or SAMe).This compound is involved in more than forty biochemical reactions in the body. It functions closely with folic acid and vitamin B12 in “methylation” reactions. Methylation is the process of adding a single carbon unit (a methyl group) to another molecule. SAMe is many times more effective in transferring methyl groups than other methyl donors.Methylation reactions are critical in the manufacture of many body components, especially brain chemicals, as well as in detoxification reactions. SAMe is also required in the manufacture of all sulfur-containing compounds in the human body, including glutathione (see page 147) and various sulfur-containing cartilage components, such as chondroitin sulfate. SAMe supplementation has been shown to produce positive results in the treatment of depression, osteoarthritis, fibromyalgia, liver disorders, and migraine headaches.

Cysteine is a key component in the important tripeptide glutathione (see page 147), an important antioxidant in cells. The Nacetyl form of cysteine (NAC) can be used to increase glutathione levels in well-nourished people. However, if malnourishment is a concern, NAC should be combined with glutamine to increase glutathione levels. NAC is also used to thin secretions in chronic mucusforming conditions.

Methionine and cysteine are found mainly in meat, fish, eggs, and dairy products.

Taurine

Taurine is a sulfur-containing amino acid that can be derived from the diet or produced in the body from methionine and cysteine. Taurine is different from other amino acids in two other key ways:



	It is not utilized in protein synthesis but rather is found unbound or existing in small peptide chains.

	Its structure is different from that of other amino acids in that a sulfur group replaces the carboxylic acid element found in other amino acids.





As an important regulator of cellular charge, taurine plays a critical role in maintaining cell membrane stability. It regulates heartbeat, helps prevent brain cell overactivity, and is essential in the visual process.

Taurine supplementation of 1 to 4 grams per day has been shown in small double-blind studies to be effective in improving heart function in congestive heart failure; lowering blood pressure; and reducing seizures in people with epilepsy whose disease is poorly controlled with antiseizure drugs.

The average intake of taurine, via foods, varies widely, from 40 to 2,500 milligrams daily. Generally speaking, taurine is found in greater concentrations in animal products.

Tryptophan

Tryptophan is an essential amino acid that plays many vital roles. One of its most important roles is as the starting point in the manufacture of the neurotransmitters serotonin and melatonin. Serotonin is particularly important as it is kind of a “master control chemical.” The activities of many other important brain compounds, including those that govern your muscle movements, your state of alertness, your mental activity, and even your ability to fall asleep, depend upon serotonin.



	TABLE 4.6 Food Sources of Taurine



	Food
	Amount
	Taurine
(milligrams)



	Cheese
	3 ounces
	1,000



	Cheese, cottage
	1 cup
	1,700



	Granola
	1 cup
	650



	Wild game
	3 ounces
	600



	Pork
	3 ounces
	540



	Oatmeal flakes
	1 cup
	500



	Milk, whole
	1 cup
	400



	Chocolate
	1 cup
	400



	Yogurt
	1 cup
	400



	Wheat germ, toasted
	¼ cup
	350



	Egg
	1 (medium size)
	350



	Turkey
	3 ounces
	240



	Chicken
	3 ounces
	185




Serotonin was first discovered about fifty years ago. Since then, an enormous amount of research has been done to unlock the secrets of this multitalented molecule. In the past few decades, findings in the laboratory have led to the development of many potent serotonin-active drugs. Among these are Prozac, the popular antidepressant, which enhances the mood-regulating activity of serotonin; Imitrex, a treatment for migraine headaches, which works by activating serotonin nerve pathways to constrict blood vessels; and Redux, which controls eating by delivering a dose of serotonin to the appetite control centers in the brain. Other serotonin-altering drugs relieve anxiety, enhance sleep, and ease muscular and skeletal pain.

Melatonin is another primary hormone involved in sleep regulation. In fact, melatonin determines your sleep-wake cycle, also called the circadian rhythm. Melatonin is secreted from a small gland in the brain called the pineal gland as daylight begins to decline. Melatonin is also a potent antioxidant that has protective effects against many types of cancer. As we age as adults, there is a tendency to produce less melatonin.

Fortunately, there may be a better way to overcome serotonin and melatonin deficiency by providing the right sort of support to tryptophan metabolism. A poor diet, lack of exercise, use of harmful substances such as caffeine or alcohol, and overall physical and emotional stress can rob your brain of the ability to make enough serotonin and melatonin to meet your body’s demands. The main determinant of tryptophan metabolism is the balance of other amino acids in the bloodstream, which, in turn, is determined by the types of foods in your diet. Compared to other amino acids, tryptophan is found in foods only in small quantities. A few hours after you eat a high-protein meal, such as one containing meat, there will be high levels of many different amino acids, all competing for entry into the brain on the few available transport molecules. On the other hand, if you eat a high-carbohydrate meal, there will be relatively higher levels of tryptophan and lower levels of other amino acids. In that case, the tryptophan enters the brain more quickly, and the level of serotonin rises. The same thing happens if you eat foods rich in tryptophan, such as turkey, milk, cottage cheese, chicken, eggs, red meats, soybeans, tofu, and nuts, especially almonds.

Protein is necessary for the structure of almost every molecule in the body, particularly many hormones, neurotransmitters and all enzymes. Adequate protein from a variety of high-quality sources with high biological value ensures a good supply of essential amino acids, as well as special amino acids and peptides.


Carbohydrates and Dietary Fiber

Dietary carbohydrates play a central role in human nutrition because they provide the primary source of the energy we need to fuel bodily functions. Carbohydrates are classified into two basic groups: simple and complex. Most dietary fiber is composed of indigestible carbohydrates, so fiber and related compounds are discussed in this chapter as well.

Many in the medical and research communities now believe that excessive consumption of carbohydrates—specifically, carbohydrates that have been refined and stripped of their supportive nutrients—is a major contributing factor in a wide variety of diseases and premature aging. Virtually all of the fiber, phytochemical, vitamin, and trace element content has been removed from white sugar, white breads and pastries, and many breakfast cereals. Even the natural simple sugars in fruits and vegetables have an advantage over sucrose (white sugar) and other refined sugars in that they are balanced by fiber and a wide range of nutrients that aid in the utilization of the sugars.

Eating too many carbohydrates, particularly simple sugars, can be harmful to blood sugar control, especially if you are insulin-resistant, experience reactive hypoglycemia, or are diabetic. Carbohydrate excess, especially consuming too many refined carbohydrates, is also associated with increased risk for obesity, heart disease, and some forms of cancer. Currently, more than half of the carbohydrates being consumed in the United States are in the form of simple sugars being added to foods as sweetening agents.

The consumption of sweeteners in the United States increased from about 14 million tons in 1979 to about 22 million tons in 1999. Included in the category of sweeteners are sugar, corn sweeteners, honey, maple syrup, and other edible syrups. The per capita consumption just of added sugars went from 27 teaspoons (108 grams) per person per day in 1970 to 32 teaspoons (128 grams) per person per day in 1996, according to U.S. food supply data. What is staggering to consider is that noncaloric sweeteners are not included in these calculations.

The large increase in the use of corn sweetener, or high-fructose corn syrup (HFCS), in the past thirty years is directly related to the overall increase in sugar consumption in the United States. In spite of its name, there is no more fructose in high-fructose corn syrup than there is sucrose. HFCS is simply sweet and is much less expensive than sucrose.

Many different products can use HFCS as an ingredient. Some of these include beverages, cereals and baked goods, dairy products, candy, and many other processed foods. Production of HFCS in the United States increased from 2.2 million tons in 1980 to 9.4 million tons in 1999. The production of HFCS in 2000 consumed about 5.3 percent of the total American corn crop. The consumption of sugar-sweetened beverages has played the largest role in the increase of added sweeteners in the American diet. Food consumption studies have found that the recent increases in energy intake coincide with increased consumption of soft drinks.

Simple Carbohydrates

Simple sugars are either monosaccharides composed of one sugar molecule or disaccharides composed of two sugar molecules. The principal monosaccharides that occur in foods are glucose and fructose. The major disaccharides are sucrose, also known as white sugar, which is composed of one molecule of glucose and one molecule of fructose; maltose, which is composed of two molecules of glucose; and lactose, which is composed of one molecule of glucose and one molecule of galactose.

Glucose is not particularly sweet-tasting compared to fructose and sucrose. It is found in abundant amounts in fruits, honey, sweet corn, and most root vegetables. Glucose is also the primary repeating sugar unit of most complex carbohydrates (starches).

Fructose, or fruit sugar, is the primary carbohydrate in many fruits, maple syrup, and honey. Fructose, which is very sweet, is roughly 1.5 times sweeter than sucrose (white sugar). Although fructose has the same chemical formula as glucose, its structure is quite different. In order to be utilized by the body, fructose must first be converted to glucose within the liver.

Sucrose, which is common table sugar, is found in a large number of processed foods and some fruits. Maltose is found in malted grain products and syrups derived from grains such as barley and sorghum. Lactose is the sugar found in milk. Humans have an enzyme called lactase to digest lactose as infants but later start to lose this enzyme. By age four, most of our lactase production is absent. In some people, particularly those of African-American descent, lactase production is completely absent, causing lactose intolerance with symptoms of gas, bloating, and diarrhea when dairy products are consumed. Lactase enzyme can be supplemented for the occasional consumption of dairy foods by people who are lactose-intolerant.

Sucrose, maltose, and lactose are broken down into their constituent sugars in the small intestine. Glucose is the primary form of sugar that enters the bloodstream. In fact, most of the content of other sugars is converted to glucose at the surface of the intestine or in the liver.

Complex Carbohydrates

Complex carbohydrates, or starches, are composed of many simple sugars joined together by chemical bonds. These bonds can be linked in a serial chain, one after the other, as well as side to side, creating branches. Basically, the more chains and branches, the more complex the carbohydrate. The more complex a carbohydrate is, the more slowly it is broken down. Some carbohydrates are complex in a way that the body cannot digest them. These carbohydrates are a major component of fiber, discussed below, and generally pass through the digestive tract unabsorbed. In general, as long as complex carbohydrates are present in high-fiber foods, the body breaks down complex carbohydrates into simple sugars more gradually, which leads to better blood sugar control. More and more research on heart disease, various forms of cancer, and diabetes indicates that complex carbohydrates, including high-fiber foods, should form a major part of the diet. For example, the Dietary Approaches to Stop Hypertension, or DASH, diet focuses on a whole-food diet made up of vegetables, legumes, and whole grains, which are excellent sources of complex carbohydrates, high in fiber.

Glycemic Index and Glycemic Load

More important than labeling a carbohydrate simple or complex is to consider its “glycemic index” and “glycemic load.” As described in chapter 1, the glycemic index (GI) provides a numerical value that expresses the rise of blood glucose after eating a particular food. The GI is computed in two ways due to the fact that there are two standards of comparison. The first standard to be developed was based on the rise in blood sugar seen with the ingestion of glucose, which was given a value of 100. Today, this glucose standard has largely been abandoned by the scientific community in favor of the more accurate starch standard. In the starch standard, a 50 gram portion of white bread made using refined flour (the bread most commonly eaten in the United States) is given the value of 100. White bread was selected as the new standard because the glycemic response to white bread is more reliable than the response to glucose. This is because glucose attracts water, an effect called osmolarity, that can delay gastric emptying and misrepresent the insulin response. In addition, white bread stimulates more insulin activity than glucose. Using either standard, the glycemic index ranges from about 20 for fructose and whole barley to about 98 for a baked potato. The insulin response to carbohydrate-containing foods is similar to the rise in blood sugar.

The glycemic load (GL) takes the glycemic index into account, but gives a more complete picture of the effect that a food has on blood sugar levels because it also takes into consideration the amount of carbohydrate in the food. Appendix A provides a more complete table of the GI, GL, and carbohydrate and fiber content of selected foods, but the following table will provide some immediate food for thought.



	TABLE 5.1 Glycemic Index of Some Common Foods



	Food
	Glycemic Index



	Sugars:
	 



	Fructose
	20



	Glucose
	100



	Honey
	75



	Maltose
	105



	Sucrose
	60



	Fruits:
	 



	Apples
	39



	Bananas
	62



	Oranges
	40



	Orange juice
	46



	Raisins
	64



	Vegetables:
	 



	Beets
	64



	Carrot, raw
	31



	Carrot, cooked
	36



	Potato, baked
	98



	Potato (new), boiled
	70



	Grains:
	 



	Bran cereal
	51



	Bread, white
	100



	Bread, whole-grain
	72



	Corn
	59



	Cornflakes
	80



	Oatmeal
	49



	Pasta
	45



	Rice
	70



	Rice, puffed
	95



	Wheat cereal
	67



	Legumes:
	 



	Beans
	31



	Lentils
	29



	Peas
	39



	Other foods:
	 



	Ice cream
	36



	Milk
	34



	Nuts
	13




Dietary Fiber

Originally, the definition of dietary fiber was restricted to the sum of plant compounds that are not digestible by the secretions of the human digestive tract. But this definition is vague since it depends on an exact understanding of what exactly is not digestible. For our purposes, the term “dietary fiber” will be used to refer to the components of the plant cell wall as well as the indigestible residues.

The composition of the plant cell wall varies according to the species of plant. In general, most plant cell walls contain 35 percent insoluble fiber, 45 percent soluble fiber, 15 percent lignans, 3 percent protein, and 2 percent ash. It is important to recognize that dietary fiber is a complex of these constituents, so supplementation of a single component cannot substitute for a diet rich in high-fiber foods. Some of these components, including inositol hexaphosphate and fructooligosaccharides, are discussed below.



	TABLE 5.2 Classification of Dietary Fiber



	Fiber Class
	Chemical Structure
	Plant Part
	Food Sources
	Physiological Effect



	I. Cellulose
	Unbranched 1-4-beta-D-glucose polymer
	Principal plant wall component
	Wheat bran
	Increases fecal weight and size



	II. Soluble fibers
	 
	 
	 
	 



	A. Hemicelluloses
	Mixture of pentose and hexose molecules in branching chains
	Plant cell walls
	Oat bran, guar gum
	Increases fecal weight and size, binds bile acids



	B. Gums
	Branched-chain uronic acid containing polymers
	Endosperm of plant seeds, plant exudates
	Karaya, locust bean, tragacanth, gum Arabic
	Bulk laxative



	C. Mucilages Similar to hemicelluloses
	Endosperm of plant seeds
	Legumes, psyllium, konjac root, slippery elm bark, marshmallow root
	Hydrocolloids that bind cholesterol and delay gastric emptying; chelate out heavy metals



	D. Pectins
	Mixture of methyl esterified galacturan, galactan, and arabinose in varying proportions
	Plant cell walls Citrus rind, apple and onion skin
	As above



	E. Algal polysaccharides
	Polymerized D-mannuronic acid and L-glucuronic acid
	Algin, agar, carrageenan
	Seaweeds
	As above



	III. Lignans Noncarbohydrate polymeric phenylpropene
	Woody part of plant
	Wheat (25%), apple (25%), cabbage (6%), flaxseeds, other nuts and seeds
	Antioxidant, anticarcinogenic





Cellulose and Insoluble Fibers

The best example of an insoluble fiber is wheat bran. Wheat bran is rich in cellulose. Although it is relatively insoluble in water, it has the ability to bind water. This ability accounts for its effect of increasing fecal size and weight, thus promoting regular bowel movements. Although cellulose cannot be digested by humans, it is partially digested by beneficial microflora in the gut, for which it is the primary food source. The natural fermentation process, which occurs in the colon, results in the degradation of about 50 percent of the cellulose and is an important source of the short-chain fatty acids that nourish our intestinal cells.

Soluble Fibers

The majority of fibers in most plant cell walls are water-soluble compounds. Included in this class are hemicelluloses, gums, mucilages, pectin, and algal polysaccharides. It is these fiber compounds that exert the most beneficial effects.

HEMICELLULOSES

Hemicelluloses, such as those found in oat bran, also promote regular bowel movements by increasing hydration of the stool. Hemicelluloses also directly bind cholesterol in the gut, preventing cholesterol absorption. Bacteria in the gut digest hemicelluloses, increasing the number of beneficial bacteria in the gut and creating short-chain fatty acids (discussed below), which colon cells use as fuel and decrease cholesterol.

GUMS AND MUCILAGES

Structurally, gums and mucilages resemble the hemicelluloses, but they are not classed as such due to their unique location in the seed portion of the plant. They are generally found within the inner layer (endosperm) of grains, legumes, nuts, and seeds. Also, some gums are exuded on the surface of plants, such as gum arabic, gum karaya, and gum tragacanth. Guar gum,which is technically a mucilage and not a gum, is found in most legumes (beans) and is the most widely studied plant mucilage. Commercially, guar gum is used as a stabilizing, thickening, and film-forming agent in the production of cheese, salad dressings, ice cream, soups, toothpaste, pharmaceutical jelly, skin cream, and tablets. Guar gum is also used as a laxative.

Gums and other mucilages, including psyllium seed husk and konjac root glucomannan, are perhaps the most potent cholesterol-lowering agents of the gelforming fibers. In addition, mucilage fibers have been shown to reduce fasting and after-meal glucose and insulin levels in both healthy and diabetic subjects; and mucilage has decreased body weight and hunger ratings when taken with meals by obese subjects.

PECTINS

Pectins are found in all plant cell walls as well as in the outer skin and rind of fruits and vegetables. For example, the rind of an orange contains 30 percent pectin, an apple peel 15 percent, and onion skins 12 percent. The gel-forming properties of pectin are well known to anyone who has made jelly or jam. These same gel-forming qualities are responsible for the cholesterol-lowering effects of pectin. Pectin lowers cholesterol by binding the cholesterol and bile acids in the gut and promoting their excretion.

PECTIN FIGHTS THE SPREAD OF CANCER


Modified citrus pectin (MCP), also known as fractionated citrus pectin, is a complex sugar (polysaccharide) obtained from the peel and pulp of citrus fruits. Modified citrus pectin is rich in short, nonbranched, galactose-rich carbohydrate chains. These shorter chains dissolve more readily in water and are better absorbed and utilized by the body than ordinary long-chain pectin.

MCP appears to reduce the risk of metastasis, the spread of cancerous cells from one tumor to other sites in the body. For metastasis to occur, cancer cells must first clump together. Protein molecules called galectins appear on the surface of cancer cells and bind the cells to molecules of a sugar called glucose. The more galectins present, the easier it is for the cancer cells to clump together and metastasize. According to preliminary research, MCP binds to the galectins. By doing so, it blocks the cancer cells ability to clump and spread.

Lab studies suggest that MCP is best used in preventing the metastasis of breast cancer, prostate cancer, lung cancer, and melanoma. Not many human data are available yet, but initial results appear promising. In one of the few human studies, MCP was shown to decrease the cancer growth rate in four of seven men with prostate cancer as measured by a reduced rate of increase in PSA levels (a sign of prostate cancer severity).

The typical dosage recommendation for adults is 6 to 30 grams daily in divided doses. MCP powder is usually dissolved by blending in water or juice.



ALGAL POLYSACCHARIDES

Algal polysaccharides, or seaweed gums, are dervived from brown seaweeds, such as alginates, and red seaweeds, such as agar and carrageenan, which is also known as Irish moss. Alginates form insoluble gells that are used as emulsifiers, thickeners and binders in food production. Agar forms a gel that is soluble in hot water, but not cold water. Agar is used as a culture medium for microbes as well as a stabilizer in many foods. Carrageenan can be broken into components that do and do not form gels. Carrageenan is used in many foods to thicken them and create a smooth texture.

Lignans

Lignans are compounds found in high-fiber foods that show important properties, such as anticancer, antibacterial, antifungal, and antiviral activity. Plant lignans are changed by the gut flora into enterolactone and enterodiol, two compounds protective against cancer, particularly breast cancer. Lignans bind to estrogen receptors and interfere with the cancer-promoting effects of estrogen on breast tissue. Lignans also increase the production of a compound known as sex hormone—binding globulin, or SHBG. This protein regulates estrogen levels by escorting excess estrogen from the body.

Flaxseeds are the most abundant source of lignans. Additional good sources of lignans are other seeds, grains, and legumes.

Inositol and Inositol Hexaphosphate (Ip6 or Phytic Acid)

Inositol is an “unofficial” member of the B vitamins that functions as a primary component of cell membranes and, with phosphate groups attached, acts as an important regulator of cell division. Although inositol has not been shown to be essential in the human diet, supplementation has been shown to exert some beneficial effects in cases of depression, panic attacks, and diabetes.

Inositol is required for the proper action of several brain neurotransmitters, including serotonin and acetylcholine. It is currently thought that a reduction of brain inositol levels may induce depression as inositol levels in the cerebrospinal fluid have been shown to be low in patients with depression. In double-blind studies, inositol at a dosage of 12 grams per day has demonstrated therapeutic results, such as reduction in the Hamilton Depression Scale. The results are similar to those of tricyclic anti-depressant drugs, but without their side effects.

The major source of inositol in nature is found in the form of inositol hexaphosphate (Ip6), which is a component of fiber from whole grains and legumes and not a fiber class on its own. In the plant, Ip6 is responsible for storing minerals, such as calcium, phosphorus, magnesium, and potassium, as phytates. There is some concern that Ip6 can adversely affect the uptake and utilization of many minerals in the body, including calcium, iron, and zinc; however, this does not seem to be the case. Phytates are destroyed by heat and by the enzyme phytase during the leavening of bread.

Although naturally occurring Ip6 exerts impressive antioxidant and antitumor effects, it may be better to take supplements containing purified Ip6 plus inositol. The supplement form offers several advantages. In grains and beans, Ip6 binds to molecules of protein and minerals, such as calcium, magnesium, or potassium, to form phytate. The body has trouble absorbing this complex. Studies have shown that pure Ip6 is significantly more bioavailable than the Ip6 found in foods as phytates. Supplemental Ip6 should be taken on an empty stomach away from other mineral-containing substances to avoid phytates forming in the digestive tract, as we do not produce our own phytase to break these down.

Fructooligosaccharides (FOS)

Fructooligosaccharides (FOSs) are another fiber component found in many vegetables, consist of short chains of fructose molecules. The term “oligosaccharide” refers to a short chain of sugar molecules (“oligo” means “few”; “saccharide” means “sugar”). Galactooligosaccharides (GOSs), which also occur naturally, consist of short chains of galactose molecules. Inulin is one of the better-researched FOS molecules that is derived from elecampane root (Inula helenium), as well as the roots of other plants such as chicory. These compounds can be digested by humans only partially. When oligosaccharides are consumed, the undigested portion serves as food for “friendly” bacteria, such as Bifidobacterium and Lactobacillus species. Clinical studies have shown that FOS, GOS, and inulin can increase the number of these friendly bacteria in the colon while simultaneously reducing the population of harmful bacteria. Other benefits noted with FOS, GOS, or inulin supplementation include increased production of beneficial short-chain fatty acids such as butyrate, increased absorption of calcium and magnesium, and improved elimination of toxic compounds.

Several double-blind studies have looked at the ability of FOS or inulin to lower blood cholesterol and triglyceride levels. These studies have shown that in individuals with elevated total cholesterol or triglyceride levels, including people with non-insulin-dependent diabetes, FOS or inulin in amounts ranging from 8 to 20 grams daily can produce meaningful reductions in these blood lipids. But in individuals with normal or low cholesterol or triglyceride levels, FOS or inulin produces little effect.

FOS and inulin are found naturally in Jerusalem artichoke, burdock, chicory, dandelion root, leeks, onions, and asparagus. FOS can be synthesized by enzymes of the fungus Aspergillus niger acting on sucrose. GOS is naturally found in soybeans and can be synthesized from lactose (milk sugar). FOS, GOS, and inulin are available as nutritional supplements in capsules, as tablets, and as a powder.

The Physiological Effects of Dietary Fiber

It is beyond the scope of this chapter to detail all the known effects of dietary fiber on humans. Instead, we will concentrate on the effects of greatest significance: stool weight and transit time, digestion, lipid metabolism, short-chain fatty acids (SCFA), and intestinal bacterial flora. We will also review a selection of diseases that are highly correlated with lack of dietary fiber, namely, colon diseases, obesity, and diabetes.


BENEFICIAL EFFECTS OF DIETARY FIBER

Decreased intestinal transit time

Delayed gastric emptying resulting in

reduced after-meal blood sugar levels

Increased satiety

Increased pancreatic secretion

Increased stool weight

More advantageous intestinal microflora

Increased production of short-chain fatty acids

Decreased serum lipids

More soluble bile



Stool Weight and Transit Time

Fiber has long been used in the treatment of constipation. Dietary fiber, particularly the water-insoluble fibers, such as cellulose, increase stool weight as a result of their water-holding properties. Transit time, the time taken for passage of material from the mouth to the anus, is greatly reduced on a high-fiber diet.

People who consume a high-fiber diet (100 to 170 grams per day) usually have a transit time of thirty hours and a fecal weight of 500 grams. In contrast, Europeans and Americans, who typically eat a low-fiber diet (20 grams per day) have a transit time of greater than forty-eight hours and a fecal weight of only 100 grams. The increased intestinal transit time associated with the Western diet allows prolonged exposure to various cancer-causing compounds within the intestines.

Fiber should be thought of not only in the treatment of constipation, but also in the treatment of diarrhea due to irritable bowel syndrome. When fiber is added to the diet of subjects with abnormally rapid transit times of less than twenty-four hours, it causes slowing of the transit time. Dietary fiber acts to normalize bowel movements.

Dietary fiber’s effect on transit time is apparently directly related to its effect on stool weight and size. A larger, bulkier stool passes through the colon more easily; it requires less pressure to be produced during defecation and subsequently less straining. This results in less stress on the colon wall and therefore avoids the ballooning effect that creates diverticuli, which are sacs or pouches in the wall of the intestinal tract. Diverticuli can become lodged with feces, causing inflammation, which is called diverticulitis. Dietary fiber also prevents the formation of hemorrhoids and varicose veins.

Digestion

Although dietary fiber increases the rate of transit through the gastrointestinal tract, it slows gastric emptying. This effect means that the food is released more gradually into the small intestine, and as a result, blood glucose levels rise more gradually. Pancreatic enzyme secretion and activity also increase in response to dietary fiber.

A number of research studies have examined the effects of fiber on mineral absorption. Although the results have been somewhat contradictory, it now appears that large amounts of dietary fiber (i.e., more than 50 grams daily) may result in impaired absorption and/or negative balance of some minerals, and supplemental fiber at higher dosages (e.g., greater than 5 grams) of insoluble fiber, especially wheat bran, may result in mineral deficiencies. However, dietary fiber at usual levels or supplementation with soluble forms of dietary fiber does not appear to interfere with mineral absorption from other foods.

Lipid Metabolism

The water-soluble gels and mucilagenous fibers, such as oat bran, guar gum, and pectin, are capable of lowering serum cholesterol and triglyceride levels by greatly increasing their fecal excretion as well as preventing their manufacture in the liver as discussed above under hemicellulose. The water-insoluble fibers, such as wheat bran, have much less effect in reducing serum lipid levels.

Short-Chain Fatty Acids (SCFA)

The fermentation of dietary fiber by the intestinal flora produces three main end products: short-chain fatty acids, various gases, and energy. Of these, the SCFAs, including acetic, proprionic, and butyric acids, have many important physiological functions.

Proprionate and acetate are transported directly to the liver and utilized for energy production. Proprionate may also help lower elevated cholesterol levels as it is a natural inhibitor of the key enzyme for cholesterol synthesis within the liver (HMG Co A reductase inhibitor).

Butyrate provides an important energy source for the cells that line the colon. In fact, butyrate is the preferred source for energy metabolism in the colon. Butyrate production may also be responsible for the anticancer properties of dietary fiber. Butyrate has been shown to possess impressive anticancer activity and is being used in enemas for ulcerative colitis.

Certain fibers appear to be more effective than others in increasing the levels of SCFAs in the colon. Pectins (both apple and citrus), guargum, and other legume fibers produce more SCFAs than beet fiber, corn fiber, or oat bran.

Intestinal Bacterial Flora

Dietary fiber improves all aspects of colon function. Of central importance is the role it plays in maintaining a suitable bacterial flora in the colon. A low fiber intake is associated with both an overgrowth of endotoxin-producing bacteria (bad guys) and a lower percentage of Lactobacillus (good guys) and other acid-loving bacteria. A diet high in dietary fiber promotes the increased synthesis of short-chain fatty acids, which reduce the colon pH, creating a friendly environment for the growth of acid-loving bacteria.

Although dietary carbohydrates provide the primary source the energy we need to fuel bodily functions, the type of carbohydrate we choose to perform this task has consequences, both good and bad, that reverberate throughout the body. In particular, it is quite clear that too much carbohydrate, particularly simple carbohydrates and high-glycemic foods, is a major contributing factor in a wide variety of diseases and premature aging.

Diseases Associated with a Low-Fiber Diet

Because of the important physiological effects of dietary fiber, a diet low in dietary fiber will obviously lead to altered physiology or disease. The diseases with the strongest correlation with a lack of dietary fiber are diseases of the colon and gastrointestinal tract, heart disease, obesity, and diabetes. Each of these will be discussed briefly below.

Diseases of the Colon and Gastrointestinal Disorders

The data documenting the protective effect of dietary fiber on colon cancer are well known. There is evidence for similar strong links with other common diseases of the colon: diverticulitis, diverticulosis, irritable bowel syndrome, ulcerative colitis, and appendicitis as well as hemorrhoids, peptic ulcers, and hiatal hernia.

Heart Disease

Increasing fiber intake is a safe and inexpensive dietary strategy to reduce the risk of heart disease. A diet high in dietary fiber is known to reduce total cholesterol and triglyceride levels while increasing HDL cholesterol levels.

Obesity

A dietary fiber—deficient diet is an important causative factor in the development of obesity. Dietary fiber plays a role in preventing obesity by

Increasing the amount of necessary chewing, thus slowing the eating process

Increasing fecal caloric loss

Improving blood sugar control

Inducing satiety (the feeling of fullness)

Diabetes

Population-based studies clearly show type 2 diabetes to be one of the diseases most clearly related to inadequate dietary fiber intake. Clinical trials that have demonstrated the beneficial therapeutic effect of increased dietary fiber through diet and/or supplementation on diabetes have further substantiated this association. Soluble fiber sources significantly outperform insoluble forms in this application.


Fats

Dietary fat plays several important roles in the body. First, fat is the most concentrated source of calories as it provides 9 calories per gram. Carbohydrate and protein provide less than half that amount, at 4 calories per gram each. Second, fat is the preferred energy source to fuel the body. And third, fats are used in the body as structural components in cell membranes and as the backbone for hormonelike compounds known as prostaglandins.

Despite these important roles, fat is often given a bad rap as any extra dietary fat is converted to body fat and stored in fat cells. Since the human body has an almost unlimited capacity to store fat, eating a diet too high in fat can lead to obesity. We recommend a diet that supplies less than 30 percent of calories as fat. However, just as important as the amount of fat is the type of fat you consume. The goal is to decrease your total fat intake, especially your intake of saturated fats, trans—fatty acids (also called hydrogenated fats), and omega-6 fats, while increasing your intake of omega-3 fatty acids and monounsaturated fatty acids.

Fat Nomenclature

Fat molecules are made of atoms of carbon, hydrogen, and oxygen. Each of the separate atoms attaches to the others only in precise predetermined ways. The backbone of a fat is a chain of carbon atoms (C):

[image: Image]

Hydrogen (H) and oxygen (O) atoms can then attach to the carbon. A saturated fat is a fat molecule in which all of the available binding sites are occupied by another atom. In other words, the carbons are saturated with all of the atoms they can hold:

[image: Image]

An unsaturated fat has one or more bonding sites left unoccupied. The two neighboring carbon atoms will take up the slack by forming a double bond:

[image: Image]

A fat molecule with one double bond is called a monounsaturated fat. Molecules with more than one double bond are called polyunsaturated fats. Mono- means “one”; poly- means “many.” When an unsaturated fat contains the first double bond at the third carbon, it is referred to as an omega-3 fatty acid. If the first double bond is at the sixth carbon, it is an omega-6 fatty acid, and if it occurs at the ninth carbon it is an omega-9 fatty acid.



	TABLE 6.1 Fatty Acid Composition (Percentage of Total Fat) of Selected Oils*



	 
	SF†
	OA†
	LA†
	GLA†
	Alpha-LA†



	Cooking oils:
	 
	 
	 
	 
	 



	Canola
	8
	54
	30
	0
	8



	Coconut
	92
	7
	1
	0
	0



	Corn
	17
	24
	59
	0
	0



	Olive
	16
	76
	8
	0
	0



	Macadamia nut
	19
	59
	3
	0
	1



	Safflower
	7
	11
	82
	0
	0



	Soy
	15
	26
	50
	0
	9



	Medicinal oils:
	 
	 
	 
	 



	Evening primrose
	10
	9
	72
	9
	0



	Black currant
	8
	10
	52
	17
	13



	Borage
	14
	16
	48
	22
	0



	Flaxseed
	9
	19
	14
	0
	58




	
*“Vegetable oil” generally refers to a combination of various vegetable-derived such as corn, canola, safflower, and soy.





	SF = saturated fats OA = oleic acid (an omega-9 monounsaturated fat) LA = linoleic acid (an omega-6 polyunsaturated fat) GLA = gamma-linolenic acid (an omega-6 polyunsaturated fat) Alpha-LA = alpha-linolenic acid (an omega-3 polyunsaturated fat)





COOKING OILS


The best oils to cook with in baking recipes, stir-fries, and sautés are the monounsaturated oils and coconut oil. While olive oil and canola oil are by far the most popular monounsaturated oils, macadamia nut and coconut oils are superior to cook with because of their lower level of polyunsaturated oil: 1 percent for coconut, and 3 percent for macadamia nut oil versus 8 percent for olive and 30 percent for canola. Because of their higher mono- and polyunsaturated contents, olive oil and canola oil can form lipid peroxides (rancid by-products created through oxidation) at relatively low cooking temperatures, while coconut and macadamia nut oils are stable at much higher temperatures, in fact, more than twice as stable as olive oil and four times as stable as canola. In addition, macadamia nut oil, like olive oil, is very high in natural antioxidants. In fact, it contains more than 4.5 times the amount of vitamin E as olive oil.

Even more stable for cooking than monounsaturated fats are the saturated fats from coconut oil. The saturated fats from coconut oil are different from the ones found in animal products because they are shorter in length. Coconut oil contains what are referred to as short- and medium-chain triglycerides, while the saturated fats in animal products are long-chain triglycerides. Being shorter in length, short- and medium-chain triglycerides are processed by the body differently and are preferentially sent to the liver to be burned as energy. In fact, these fats actually have been shown to promote weight loss by increasing the burning of calories (thermogenesis); some research suggests that they lower cholesterol as well.



Essential Fatty Acids

The only two official essential fatty acids are linoleic acid (an omega-6 fat) and alpha-linolenic acid (an omega-3 fat), but other fats are clearly beneficial. Although not considered essential since they can be formed from alpha-linolenic acid, the longer-chain omega-3 fatty acids, such as eicosapentaenoic acid (EPA) and docosahexaneoic acid (DHA) found in fish, especially cold-water fish, such as salmon, mackerel, herring, and halibut, are gaining tremendous acceptance in the scientific community as vital components of good health. The role of the omega-9 oil oleic acid is also gaining recognition.

Cell Membrane Function

The primary answer to the question “What makes saturated fats and most margarines ‘bad’ and monounsaturated and omega-3 fatty acids ‘good’?” is related to the function of fats in cellular membranes. Every human cell has a protective, permeable membrane. Membranes contain two layers, each made mainly of proteins, cholesterol, and fats in the form of phospholipids. Phospholipids are almost the same as triglycerides, except that one of the three fatty acid units has been replaced with a molecule that contains phosphorus.

FIGURE 6.1
 Cis Versus Trans
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The H’s are on the same side of the double bond, forcing the molecule to assume a horseshoe shape.

[image: Image]

The H’s are on opposite sides of the double bond, forcing the molecule into an extended position.

What determines the type of fatty acid present in the cell membrane is the type of fat you consume. A diet that is high in cholesterol and composed mostly of saturated fat, animal fatty acids, and trans—fatty acids (from margarine, shortening, and other sources of hydrogenated vegetable oils) results in cell membranes that are much less fluid in nature than the cell membranes found in a person who consumes optimal levels of unsaturated fatty acids.

According to modern pathology, or the study of disease processes, an alteration in cell membrane function is the central factor in the development of virtually every disease. As it relates to diabetes, abnormal cell membrane structure due to eating the wrong types of fats leads to an impairment in the action of insulin.

Without a healthy membrane, cells lose their ability to hold water, vital nutrients, and electrolytes. Without the right type of fats in cell membranes, cells simply do not function properly. In particular, they lose their ability to communicate with other cells and be controlled by regulating hormones. To highlight the impact of having the right type of fat in the cell membranes, let’s look at the effects of different diets on insulin action. Insulin is a hormone produced by the pancreas that plays a critical role in blood sugar regulation. Loss of sensitivity to the effects of insulin is linked to obesity and type 2 diabetes. While margarine and saturated fats dampen insulin sensitivity, clinical studies have shown that monounsaturated fats and omega-3 oils improve insulin action. Adding further support to these studies is the fact that population studies have indicated that frequent consumption of monounsaturated fats, such as olive oil, nuts and nut oils, and omega-3 fatty acids from fish protect against the development of type 2 diabetes. Similar associations are seen with more than fifty health conditions, including heart disease, cancer, and arthritis; see the list below.

Margarine and Other Foods Containing Trans—Fatty Acids and Partially

Margarine and shortening are manufactured from vegetable oils through “hydrogenation.” This means that a hydrogen molecule is added to the natural unsaturated fatty acid molecules of the vegetable oil to make it more saturated. Hydrogenation, the addition of hydrogen molecules, changes the structure of the natural fatty acid to many “unnatural” fatty acid forms, as well as from the cis, or U-shaped, configuration to the trans, or Z-shaped, configuration. The resulting hydrogenated vegetable oil becomes solid or semisolid.

Margarine, vegetable oil shortening, and other foods containing transfatty acids and partially hydrogenated oils are particularly harmful to cell membrane function. These “unnatural” forms of fatty acids interfere with the body’s ability to utilize important essential fatty acids. For example, one study estimated that substituting polyunsaturated vegetable oils for margarine containing hydrogenated vegetable oil would reduce the likelihood of developing type 2 diabetes by a whopping 40 percent.


HEALTH CONDITIONS LINKED TO INSUFFICIENT INTAKE OF OMEGA-3 FATTY ACIDS SYMPTOMS ASSOCIATED WITH ESSENTIAL FATTY ACID

Acne

AIDS

Allergies

Alzheimer’s disease

Angina

Angioplasty recovery

Arthritis

Atherosclerosis

Asthma

Attention deficit disorder

Autoimmune diseases

Breast cancer

Breast cysts

Breast pain

Cancer

Cartilage destruction

Coronary bypass recovery

Cystic fibrosis

Dementia

Depression

Dermatitis

Diabetes

Eczema

Heart disease

High blood pressure

Hyperactivity

Hypertension

Hypoxia

Ichthyosis

Immune disorders

Inflammatory bowel disease

Inflammatory conditions

Kidney dysfunction

Learning difficulties

Menopausal symptoms

Multiple sclerosis

Osteoarthritis

Postviral fatigue

Pregnancy complications

Premenstrual syndrome

Psoriasis

Refsum’s syndrome

Reye’s syndrome

Rheumatoid arthritis

Schizophrenia

Sepsis

Sjgren-Larsson syndrome

Stroke

Vascular disease

Vision development impairment




SYMPTOMS ASSOCIATED WITH ESSENTIAL FATTY ACID DEFICIENCY*

Arthritis

Constipation

Cracked nails

Depression

Dry, lifeless hair

Dry mucous membranes (tear ducts, mouth, vagina, etc.)

Dry skin

Fatigue, malaise, low energy

Forgetfulness

Frequent colds and sickness

High blood pressure

History of cardiovascular disease

Immune weakness

Indigestion, gas, bloating

Lack of endurance

Lack of motivation



Prostaglandins

Essential fatty acids are transformed into regulatory compounds known as prostaglandins. These compounds carry out many important tasks in the body including playing a role in the regulation of

Allergic response

Blood clotting and platelet aggregation

Blood pressure

Gastrointestinal function and secretions

Heart function

Inflammation

Inflammation, pain, and swelling

Kidney function and fluid balance

Nerve transmission

Steroid production and hormone synthesis

Prostaglandins are assigned to either the 1, 2, or 3 series based upon the number of double bonds in the fatty acid. Series 1 and 2 prostaglandins come from the omega-6 fatty acids, with linoleic acid serving as the starting point. Linoleic acid is changed to gamma-linolenic acid and then to dihomo-gamma-linolenic acid (DHGLA), which contains three double bonds and is the precursor of prostaglandin of the anti-inflammatory 1 series.

Dihomo-gamma-linolenic acid can also be converted to arachidonic acid, which contains four double bonds and is precursor to the proinflammatory 2 series prostaglandins. However, because the delta-5-desaturase enzyme responsible for the conversion of DHGLA to arachidonic acid prefers the omega-3 oils, in humans the greatest source of arachidonic acid is from the diet. Arachidonic acid is found almost entirely in animal foods, along with saturated fats.

The omega-3 prostaglandin pathway can begin with alpha-linolenic acid, which can eventually be converted to eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), the precursors to the anti-inflammatory 3 series prostaglandins, but the process is much more efficient when the EPA and DHA are already preformed, as they are, for example, in fish oils.

Prostaglandins of the 1 and 3 series are generally viewed as “good” prostaglandins, while prostaglandins of the 2 series are viewed as “bad.” This labeling is most evident by looking at their effects on platelets. Prostaglandins of the 2 series promote platelet stickiness, a factor that leads to hardening of the arteries, heart disease, and strokes. In contrast, the 1 and 3 series prostaglandins prevent platelets from sticking together, improve blood flow, and reduce inflammation.

FIGURE 6.2
Prostaglandin Metabolism
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By altering the type of dietary oils consumed and stored in cell membranes, prostaglandin metabolism can be manipulated. Prostaglandin manipulation can be extremely powerful in the treatment of inflammation, allergies, high blood pressure, and many other health conditions. The basic goal in most situations is twofold: to (1) reduce the level of arachidonic acid and (2) increase the level of DHGLA and EPA/DHA. This goal can best be achieved in most circumstances by reducing the intake of sources of omega-6 fatty acids and animal foods, while increasing the intake of omega-3 fatty acids, particularly fish oils. Although flaxseed oil provides alpha-linolenic acid, which can be converted by the enzyme delta-6desaturase into stearidonic acid and then elongated into EPA and DHA, this cumbersome conversion process is obviously not as effective in increasing tissue concentrations of EPA and DHA as fish oil supplements.

These following steps will help you gain the optimal ratio of essential fatty acids for healthy cell membranes and balanced and efficient production of prostaglandins:

1. Be aware of the fat content of foods. Limit total dietary fat intake to no more than 30 percent of calories consumed. That’s 400 to 600 calories a day from fat, based on a standard 2,000-calorie-a-day diet (see the list below). Reduce the amount of saturated fats and total fat in the diet. In general, animal products are high in fat, while most plant foods are very low in fat. However, while most nuts and seeds are relatively high in fat, the calories they supply come mostly from monounsaturated fats.

2. Reduce the intake of meat and dairy products, while increasing the intake of fish. Particularly beneficial are the cold-water fish, such as wild salmon, mackerel, herring, and halibut, because of their high levels of omega-3 fats.

3. Cook with canola, coconut, macadamia nut, or olive oil.

4. Eliminate margarine and other foods containing trans—fatty acids and partially hydrogenated oils. These “unnatural” forms of fatty acids interfere with the body’s ability to utilize important essential fatty acids.

5. Take a high-quality fish oil supplement providing 600 to 1,200 milligrams of omega-3 fatty acids. Vegetarians may take 1 tablespoon of flaxseed oil daily.



	THE FAT CONTENT OF SELECTED FOODS



	 Meats

	 
	 
	 



	Sirloin steak, with bone, lean
	83%
	Frankfurters
	80%



	Pork sausage
	83%
	Lamb rib chops, lean
	79%



	T-bone steak, lean
	82%
	Duck meat, w/skin
	76%



	Porterhouse steak, lean
	82%
	Salami
	76%



	Bacon, lean
	82%
	Liverwurst
	75%



	Rib roast, lean
	81%
	Rump roast, lean
	71%



	Bologna
	81%
	Ham, lean
	69%



	Country-style sausage
	81%
	Stewing beef, lean
	66%



	Spareribs
	80%
	Goose meat, w/skin
	65%




	Ground beef, lean
	64%
	Chuck steak, lean only
	50%



	Veal breast, lean
	64%
	Sirloin steak, lean
	47%



	Leg of lamb, lean
	61%
	Turkey, dark meat w/skin
	47%



	Chicken, dark meat w/skin, roasted
	56%
	Lamb rib chop, lean
	45%



	Round steak, lean
	53%
	Chicken, light meat w/skin roasted
	44%



	Chuck rib roast, lean only
	50%
	 
	 






	Fish
	 
	 
	 



	Tuna, chunk, oil-packed
	63%
	Caviar, sturgeon
	52%



	Herring
	58%
	Mackerel, Pacific
	50%



	Anchovies
	54%
	Sardines, Atlantic, in oil, drained
	49%
	Salmon, sockeye (red)
	49%



	Bass, black sea
	53%



	Perch, ocean
	53%
	Halibut
	 






	 Vegetables

	 
	 
	 



	Mustard greens
	13%
	Celery
	6%



	Kale
	13%
	Cucumber
	6%



	Beet greens
	12%
	Turnip
	6%



	Lettuce
	12%
	Zucchini
	6%



	Turnip greens
	11%
	Carrots
	4%



	Mushrooms
	8%
	Green peas
	4%



	Cabbage
	7%
	Artichokes
	3%



	Cauliflower
	7%
	Onions
	3%



	Eggplant
	7%
	Beets
	2%



	Asparagus
	6%
	Chives
	1%



	Guam bean
	6%
	Potatoes
	1%






	 Legumes

	 
	 
	 



	Tofu
	49%
	Lima bean
	4%



	Soybeans
	37%
	Mung bean sprouts
	4%



	Soybean sprouts
	28%
	Lentils
	3%



	Garbanzo beans
	11%
	Broad bean
	3%



	Kidney bean
	4%
	Mung bean
	3%






	 Dairy products

	 



	Butter
	100%
	Cream, light
	85%



	Cream, light whipping
	92%
	Egg yolks
	80%



	Cream cheese
	90%
	Half and half
	79%




	Blue cheese
	73%
	Cows milk
	49%



	Brick cheese
	72%
	Yogurt, plain
	49%



	Cheddar cheese
	71%
	Ice cream, low-fat
	48%



	Swiss cheese
	71%
	Cottage cheese
	35%



	Ricotta cheese, whole-milk type
	66%
	Milk, low-fat (2%)
	31%



	Eggs, whole
	65%
	Yogurt, low-fat (2%)
	31%



	Ice cream
	64%



	Mozzarella cheese, part-skim type
	55%
	Cottage cheese, nonfat (1%)
	22%



	Goats milk
	54%
	 
	 






	 Meat and Fish Products

	 
	 
	 



	Hormel Spam luncheon meat
	77%
	Nabisco Chicken in a Biscuit
	51%



	Mrs. Paul’s Buttered Fish Filets
	75%
	Morton Beef Pot Pie
	49%



	Del Monte Burrito
	67%
	Mrs. Paul’s Fish Au Gratin
	48%



	Morton Beef Tenderloin
	64%
	Swanson Veal Parmigiana
	48%



	Mrs. Paul’s Fried Shrimp
	58%
	Swanson Fried Chicken
	46%



	Mrs. Paul’s Clam Crepes
	55%
	Hormel Dinty Moore Beef Stew
	45%



	Hormel Dinty Moore Corned Beef
	53%
	Modern Chicken Croquettes
	40%



	Swanson Salisbury Steak
	52%
	 
	 






	 Fruits

	 
	 
	 



	Olive
	91%
	Orange
	4%



	Avocado
	82%
	Cherry
	4%



	Grapes
	11%
	Ban
	4%



	Strawberry
	11%
	Cantaloupe
	3%



	Apple
	8%
	Pineapple
	3%



	Blueberry
	7%
	Grapefruit
	2%



	Lemon
	7%
	Papaya
	2%



	Watermelon
	5%
	Peach
	2%



	Apricot
	4%
	Prune
	1%






	 Grains

	 
	 
	 



	Oatmeal
	16%
	Bulgur wheat
	4%



	Buckwheat, dark
	7%
	Barley
	3%



	Rye, dark
	7%
	Buckwheat, light
	3%



	Wheat, whole
	5%
	Rye, light
	2%



	Rice, brown
	5%
	Rice, wild
	2%



	Corn, flour
	5%
	 
	






	 Nuts and Seeds

	 
	 
	 



	Coconut
	85%
	Pumpkin seeds
	71%



	Walnut
	79%
	Cashew
	70%



	Sesame
	76%
	Peanut
	69%



	Almond
	76%
	Chestnut
	7%



	Sunflower
	71%
	 
	 




Other Fatty Substances

Phospholipids

Phospholipids are the predominant form of fats in our cell membranes. The major phospholipid of the human body is phosphatidylcholine. Commercially available phosphatidylcholine supplements are derived from soy lecithin, an excellent source of phosphatidylcholine. These preparations are used in the treatment of Alzheimer s disease, bipolar disorder, elevated cholesterol levels, and liver disorders. The beneficial effects are likely due primarily to the essential fatty acid components of phosphatidylcholine and the soy lecithin preparations, because the body primarily breaks down phospholipids into free fatty acids, which benefit the body. These free fatty acids are used directly as fuel by the cells of the body. As previously discussed, free fatty acids can be long, short, saturated, or unsaturated. The free fatty acids in soy lecithin are beneficial medium-and short-chain, unsaturated fatty acids.

Phosphatidylcholine has many important functions in the body, including increasing the solubility of cholesterol, thereby decreasing its ability to induce atherosclerosis. Phosphatidylcholine also aids in lowering cholesterol levels and removing cholesterol from tissue deposits. In a total of fifteen clinical trials with a duration of treatment with phosphatidylcholine ranging from one to twelve months, total serum cholesterol was lowered by 8.8 to 28.2 percent, triglyceride levels decreased by 25 percent, and HDL cholesterol levels increased by 13.4 to 20 percent. The typical dosage was 1.5 to 2.7 grams daily.

Phosphatidylcholine is a component of many foods, such as whole grains, legumes (especially soy), meat, and egg yolks. Phosphatidylcholine supplements are available as soy lecithin and phosphatidylcholine isolated and purified from soy lecithin ranging in content from 10 percent to 55 percent phosphatidylcholine.

Cholesterol

Cholesterol is often portrayed as an evil compound, but it serves many important roles as it is the starting point for the manufacture of many hormones and bile acids, and serves as an important component of cell membranes as well. While the liver is the major source of blood cholesterol, dietary cholesterol can be an important contributor. Diets high in cholesterol are associated with an increased risk for heart disease, cancer, and strokes. However, it may turn out that the level of saturated fats in these diet foods is more relevant than the cholesterol content. This opinion is supported by a statistical analysis of 224 dietary studies carried out over the past twenty-five years that investigated the relationship between diet and blood cholesterol levels in more than 8,000 subjects. What investigators found was that saturated fat in the diet, not dietary cholesterol, is what influences blood cholesterol levels the most.

Cholesterol is transported in the blood on carrier molecules known as lipoproteins. The major categories of lipoproteins are very-low-density lipoprotein (VLDL), low-density lipoprotein (LDL), and high-density lipoprotein (HDL). Since VLDL and LDL are responsible for transporting fats (primarily triglycerides and cholesterol) from the liver to body cells while HDL is responsible for returning fats to the liver for use as energy and for excretion, elevation of either VLDL or LDL is associated with an increased risk of developing atherosclerosis, the primary cause of a heart attack or stroke. In contrast, elevations of HDL are associated with a low risk of heart attacks.

It is currently recommended that the total blood cholesterol level be less than 200 milligrams per deciliter. In addition, it is recommended that the LDL cholesterol be less than 130 milligrams per deciliter, the HDL cholesterol be greater than 35 milligrams per deciliter, and triglyceride levels be less than 150 milligrams per deciliter.

The ratio of total cholesterol to HDL cholesterol and the ratio of LDL to HDL are also important and are referred to as the cardiac risk factor ratios because they reflect whether cholesterol is being deposited into tissues or broken down and excreted. The total cholesterol-to-HDL ratio should be no higher than 4:1, and the LDL to HDL ratio should be no higher than 2.5:1. The risk of developing heart disease can be reduced dramatically by lowering the LDL cholesterol level while simultaneously raising the HDL cholesterol level. It has been concluded that for every 1 percent drop in the LDL cholesterol level, the risk for a heart attack drops by 2 percent. Conversely, for every 1 percent increase in HDL level, the risk for a heart attack drops by 3 to 4 percent.

Cholesterol levels and ratios can be improved by dietary changes undertaken to reduce your overall cholesterol and dietary fat intake (see Table 6.2).

Conjugated Linoleic Acid

Conjugated linoleic acid (CLA) is a slightly altered form of the essential fatty acid linoleic acid. It is found naturally occurring in meat and dairy products from grass-fed cows. It was discovered in 1978, when researchers at the University of Wisconsin were seeking to find possible cancer-causing compounds in meat that are produced with cooking. Instead, they found what appears to be the anticancer compound CLA. In preliminary animal and test-tube studies, CLA has shown evidence that it might reduce the risk of cancers at several sites, including breast, prostate, colon, lung, skin, and stomach. Whether CLA will produce a similar protective effect in humans has yet to be determined. Human studies have focused on its ability to help promote lean body mass during weight loss programs, which have been somewhat promising. For example, researchers from the University of Wisconsin recruited eighty obese people and had half of them take 3,000 milligrams of CLA (Tonalin) daily, while the other half took a placebo. They were all put on a diet program and encouraged to exercise. Weight loss was about the same for both groups, an average of 5 pounds. So why take CLA? Those taking CLA reported less fatigue, dizziness, and nausea than those on the placebo. But the real advantage was that while the people taking the placebo put the weight back on mainly as fat, the people taking CLA who put weight back on put it on primarily as lean muscle, not as fat. In other words, CLA promoted an increase in lean muscle mass and a decrease in percentage of body fat.



	TABLE 6.2 Cholesterol and Fat Content of Selected Foods



	Food
	Serving Size
	Total Fat (grams)
	Saturated Fat (grams)
	Monounsaturated Fat (grams)
	Polyunsaturated Fat (grams)
	Cholesterol (milligrams)



	Beef, lean
	3 ounces
	7.9
	3.0
	3.3
	0.3
	73



	Beef liver, braised
	3 ounces
	4.2
	1.6
	0.6
	0.9
	331



	Chicken, breast, roasted
	3 ounces
	3.0
	0.9
	1.1
	0.6
	72



	Chicken, leg, roasted
	3 ounces
	7.2
	2.0
	2.6
	1.7
	79



	Egg yolk
	1 large
	5.1
	1.6
	1.9
	0.7
	213



	Fish, cod
	3 ounces
	0.7
	0.1
	0.1
	0.3
	40



	Lobster, boiled
	3 ounces
	0.5
	0.1
	0.1
	0.1
	61



	Pork, lean
	3 ounces
	11.1
	3.8
	5.0
	1.3
	79



	Shrimp, boiled
	3 ounces
	0.9
	0.2
	0.2
	0.4
	166



	Turkey, dark, roasted
	3 ounces
	6.1
	2.1
	1.4
	1.8
	73



	Turkey, light, roasted
	3 ounces
	2.7
	0.9
	0.5
	0.7
	59



	Butter
	1 tablespoon
	11.5
	7.2
	3.3
	0.4
	31



	Cheese, cheddar
	1 ounce
	9.4
	6.0
	2.7
	0.3
	30



	Ice cream, regular
	1/2 cup
	7.2
	4.5
	2.1
	0.3
	30



	Milk, low-fat (2%)
	1 cup
	4.7
	2.9
	1.4
	0.2
	18



	Milk, skim
	1 cup
	0.4
	0.3
	0.1
	neg
	4



	Milk, whole
	1 cup
	8.2
	5.1
	2.4
	0.3
	33




In another study, supplementation with CLA (Tonalin) at a dosage of 4.5 grams per day was shown in a twelve-month double-blind study to help overweight adults decrease body fat mass and increase lean body mass by as much as 9 percent. This 2004 study was the first to clearly establish the efficacy of CLA supplementation over an extended time period without changes in exercise or diet.

Ferulic Acid Derivatives

Ferulic acid derivatives include gammaoryzanol, a growth-promoting substance found in grains and isolated from rice bran oil. Gamma-oryzanol has been used in Japan as a medicine since 1962. Initially it was used in the treatment of minor anxiety, and later it became approved for the treatment of menopausal symptoms (1970) and elevated cholesterol and triglyceride levels (1986).

Gamma-oryzanol was first shown to be effective for menopausal symptoms, including hot flashes, in the early 1960s. Clinical studies demonstrated that 67 to 85 percent of the women who took gamma-oryzanol had a 50 percent or greater reduction in their menopausal symptoms.

Gamma-oryzanol has been shown to be quite effective in lowering blood cholesterol and triglyceride levels in several double-blind studies, lowering total cholesterol levels by 8 to 12 percent and triglycerides by 15 percent within the first four weeks. Gamma-oryzanol’s cholesterol-lowering action appears to involve a combination of effects in that it increases the conversion of cholesterol to bile acids and inhibits the absorption of cholesterol.

Double-blind studies have also shown supplemental gamma-oryzanol to increase lean body mass, increase strength, improve recovery from workouts, and reduce body fat and postexercise soreness.

Octacosanol

Octacosanol is a waxy substance that is naturally present in wheat germ oil, rice bran, and the wax layer of many plants. Animal research indicates that it shares many common features with vitamin E and plays a role in enhancing energy production within cells. Early research suggested that octacosanol may help in improving amyotrophic lateral sclerosis (Lou Gehrig’s disease), but this possible treatment was subsequently disproved. More recent research has focused on octacosanol as an ergogenic (exercise performance—promoting) agent. Preliminary studies have found that octacosanol has promising effects on endurance, reaction time, and other measures of exercise capacity. In one study, a dosage of only 1 milligram per day of octacosanol for eight weeks was found to improve grip strength and visual reaction time but had no effect on chest strength, auditory reaction time, or endurance.

Octacosanol is also one of the key components of policosanol, a mixture of fatty substances isolated and purified from the wax of sugarcane (Saccharum officinarum). Policosanol has exceptional clinical documentation demonstrating its efficacy, safety, and tolerability in lowering cholesterol and triglyceride levels. The clinical studies have included comparative studies versus conventional cholesterol-lowering drugs, such as lovastatin, pravastatin, simvastatin, gemfibrozil, and probucol. In these studies, policosanol in dosages ranging from 5 to 20 milligrams per day has demonstrated significant improvements in lowering cholesterol levels on a par with these drugs, typically 20 to 30percent.

In addition to its effects on cholesterol levels, policosanol exerts additional positive effects in the battle against atherosclerosis. It prevents excessive platelet aggregation without affecting coagulation and exerts good antioxidant effects in preventing against LDL oxidation. Better news still is that these benefits of policosanol may be present in other waxy substances that coat most fruits and vegetables.

Conclusions

Dietary fats and fatty substances are important dietary components that have many roles, including being the primary fuel of the body as well as being critical in cellular structures, hormone precursors, and regulators of normal metabolism. The types of fats we consume have a significant influence on our health and well-being.

*These symptoms are not specific to a deficiency of essential fatty acids. They may also be caused by other diseases or dietary insufficiencies.




Vitamins

V itamins are essential nutrients required for normal chemical processes to occur in the body. They serve as essential components in enzymes and coenzymes. Enzymes are molecules involved in speeding up chemical reactions necessary for human bodily function such as energy production or the assembling of tissue components. Coenzymes are molecules that help the enzymes in their chemical reactions.

Enzymes and coenzymes work to either join molecules together or split them apart by making or breaking the chemical bonds that link them together. Most enzymes are composed of a protein along with an essential mineral and possibly a vitamin. If an enzyme is lacking the essential mineral or vitamin, it cannot function properly.

There are thirteen vitamins divided into two primary classes. Those that dissolve in fat (are fat-soluble) are the vitamins A,D,E,and K. Those that dissolve in water (are water-soluble) are vitamin C, the B vitamins, biotin, and folic acid.

Fat-soluble vitamins can be stored in fat cells. For this reason your body is able to keep a supply of these vitamins available for use on demand. The downside is that toxic levels can be built up in the body, leading to potentially severe side effects. Water-soluble vitamins, on the other hand, are stored in the body in only small amounts. Normally, any quantity of these vitamins that your body does not use is excreted in the urine. However, while it is harder to build up toxic amounts of water-soluble vitamins, it is also easier to develop deficiencies of them.

The RDA and DRI

Included in the description of each vitamin is the Recommended Dietary Allowance (RDA). The RDAs for vitamins and minerals have been prepared by the Food and Nutrition Board of the National Research Council since 1941. These guidelines were originally developed to reduce the rates of severe nutritional deficiency diseases such as scurvy (deficiency of vitamin C), pellagra (deficiency of niacin), and beriberi (deficiency of vitamin B1). Another critical point is that the RDAs were designed to serve as the basis for evaluating the adequacy of diets of groups of people, not individuals, because individuals simply vary too widely in their nutritional requirements. As stated by the Food and Nutrition Board, “Individuals with special nutritional needs are not covered by the RDAs.” Statistically speaking, RDAs prevented deficiency diseases in 97 percent of a population, but there was no scientific basis that RDAs met the needs of any individual person.

In 1993, the Food and Nutrition Board put the RDA revision process into motion by holding a symposium and asking for scientific and public comment on how the RDAs should be revised. Utilizing feedback from this conference and other sources, the Food and Nutrition Board developed an ambitious framework for revamping the old RDAs. Rather than having a single group of scientists revise the existing set of RDAs, they had expert panels review nutrient categories in much more detail than had ever been done before. The Food and Nutrition Board partnered with Health Canada, the Canadian government agency responsible for nutrition policy, and the two groups jointly appointed the Standing Committee on the Scientific Evaluation of Dietary Reference Intakes of the Food and Nutrition Board.
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