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#13591%113 (nutrients) %1883 chemical substances found in foods that are necessary for human

life and growth, maintenance, and repair of body tissues.
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List of Essential Nutrients for Humans
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3. Carbohydrate

Sugar-Protein Reactions in Diabetes and Aging

The Maillard/Amadori reactions of sugars with amino acids and proteins lead to a cascade of
reactions. Products of these reactions are referred to as advanced glycation end products. These reaction
end products have been observed in collagen-rich tissues in vivo and in vitro, and they are associated
with stiffening of artery walls, lung tissues, and joints and with other aging symptoms. Considerable
evidence links hyperglycemia with increased formation of these end products; these products accumulate
in the blood vessel wall proteins and may contribute to vascular complication of diabetes. Glycation of
lens proteins increases somewhat with aging, but acceleration is associated with diabetes. Incubation of
lens protein with glucose or glucose 6-phosphate in vitro results in change in the lens protein that mimic
most of those observed with age- and cataract-related changes in the lens. Drug-induced inhibition of the
reactions leading to these end products in diabetes animals prevents various disease-associated

pathologies of the arteries, kidneys, nerve, and retina.

Derivatives of Sucrose Used by the Food Industry: Noncaloric Fat and Sugar Substitutes

The low cost and purity of sucrose and the eight hydroxyl groups in its structure make sucrose
and appealing starting material for chemical modification. In 1968 Procter & Gamble, while searching for a
way to increase the fat intake of premature babies, created a fat substitute, sucrose polyester. Sucrose
polyester, which is known as olestra or Olean, is a sucrose molecule to which as many as eight fatty acid
residues (usually six to eight long-chain fatty acids) derived from vegetable oil have been esterified.
Olestra has so many fatty acid “spokes” around the central sucrose core that digestive enzymes and
bacteria in the intestinal tract cannot find and entry point to break down the molecule. Thus it passes
through the body largely unhydrolyzed. Olestra was approved by the U.S. Food and Drug Administration
(FDA) in 1996 as a replacement for regular cooking oil in production of savory snack foods such as

crackers, potato chips. And corn chips.



In 1976 Tate & Lyle, in conjunction with researchers at Queen Elizabeth College, University of
London, discovered that the chlorination of three hydroxyl groups on sucrose produced a modified
sucrose that is about 600 times as sweet as sucrose. They subsequently developed the product in
partnership with McNeil Nutritionals. Use of this chlorinated sucrose derivative, which is known as
sucralose or Splenda, was approved by Canada in 1991. In 1998 the FDA granted approval for use of
sucralose as a table top sweetener in the United States, and in 1999 the FDA granted approval for use of
sucralose as a general purpose sweetener in food products. Sucralose is currently used as a sugar
substitute in numerous food products, including beverage, baked goods, dairy products, canned fruits,
syrups, and condiments, and it is also sold to consumers, under its trade name Splenda, for use as a

table and baking sugar substitute.

Sugar and Dental Caries

Sugar are readily metabolized by oral bacteria, leading to production of organic acids in sufficient
concentration to lower the pH of dental plague. Most studies have focused on the contribution of
sucrose, but monosaccharides are also readily fermented by the bacteria in the dental plaque. The acid
demineralize (dissolve) the nearby tooth enamel. If the degree of demineralization exceeds
remineralization over repeated cycles of changing acid concentrations, dissolution of the tooth enamel

leads to tooth decay.

Although many studies done in the past clearly demonstrated the relationship between sucrose
consumption and dental caries at the population level (e.g., association between sugar consumption and
dental caries among countries) and at individual level (e.g., person with hereditary fructose intolerance
who strictly limit sugar consumption), the apparent relationship between sugar consumption and dental
caries has weakened in industrialized countries in recent decades. The weakening of the observed
relationship is due, at least partially, to the decreased prevalence of caries in children owing to
widespread use of fluoride, which raises the threshold of sugar intake at which caries will progress to
cavitation. Furthermore, studies have shown that the amount of carbohydrate consumed is not as

significant in the formation of dental caries as is the frequency of consumption.



