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5.5: Disaccharides

&b Learning Objectives

e Be able to draw and name the glycosidic linkage in disaccharides.
e Know common disaccharides' structures, sources, and properties, including maltose, cellobiose, lactose, and sucrose.

Nomenclature of glycosidic linkage

Disaccharides are glycosides of two monosaccharides. Glycosidic linkage is formed by a reaction between the hemiacetal group of
one monosaccharide and an alcohol group of the other, as illustrated in the figure below.
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The glycosidic linkage is named by listing the number of the C's linked, separated by a comma. In the case of anomeric carbon, a/
B orientation is also indicated, separated by a hyphen from the number of the anomeric carbon. For example, B-cellobiosee is
linked by $-1,4 glycosidic linkage and S-maltose by a-1,4 glycosidic linkage. The 5 in the name [-cellobiose and S-maltose
indicates the orientation of the free hemiacetal group in the second saccharide unit. It is not related to the orientation of the
glycosidic linkage, as indicated by the black arrow in the figure. 8-Cellobiose and S-maltose are configurational isomers having
different physical and chemical properties.

Examples of disaccharides include maltose, cellobiose, lactose, and sucrose, described next.

Maltose

Maltose is a disaccharide of two D-glucose units connected through «a-1,4-glycosidic linkage, as shown below.
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The second D-glucose unit with free hemiacetal group can be either in a- or S-configuration, as indicated by /8 prefix to the
name. An aqueous solution exists in equilibrium between «, 3, and open-chain aldose forms. Since common oxidizing agents can
reduce the open-chain aldose form, maltose is a reducing sugar. Maltose is found in the juice of sprouted barley grains and other
grains.

Cellobiose

Cellobiose is a disaccharide of two D-glucose units connected by (-1,4-glycosidic linkage, as shown below. Hemiacetal forms of
cellobiose are shown below.
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Cellulobiose is a reducing sugar because, like maltose, the D-glucose unit with free hemiacetal group can exist in «, 3, or open-
chain aldose forms in solution. Cellobiose is obtained by hydrolysis of cellulose.

Lactose

Lactose is a disaccharide of D-galactose joined by (3-1,4-glycosidic linkage with D-glucose, as shown below.
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Lactose is a reducing sugar because, like maltose, the D-glucose unit with free hemiacetal group can exist in «, 3, or open-chain
aldose forms in solution. Lactose is present in milk, up to 5% to 8% in human milk and 4% to 6% in cow milk. Lactase is the
enzyme that hydrolysis lactose in the digestion process. Many adults develop lactose intolerance due to a lack of or insufficient
lactase production. Without lactase, lactose enters the colon undigested and is fermented by bacteria causing bloating and
abdominal cramps. Therefore, some products that use lactose also add lactase to avoid the problem.

Sucrose

Sucrose is a disaccharide of D-glucose (in pyranose form) and D-fructose (in furanose form) joined by «-1,\(beta)-2-glycosidic
linkage, as shown below.
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Both anomeric C, s in the glycosidic linkage can not exist in open-chain aldose or ketose forms. Therefore, sucrose is a non-
reducing sugar. Sucrose is commonly used as table sugar. It is the most abundant disaccharide found in sugar cane and sugar beats.

Relative sweetness

Monosaccharides and disaccharides are sweet, but sweetness varies. Fructose is the sweetest monosaccharide, and lactose is the
least sweet, as shown in Table 1. Honey is a mixture of fructose and glucose and has a sweetness about the same as table sugar
(sucrose). Relative sweetness in the table is based on the results of a group of people tasting and ranking them in order of taste
relative to sucrose (table sugar), rated 1. Some artificial sweeteners listed in the table are commonly used as sugar-substitute in diet
foods.

Table 1: Relative sweetness of some carbohydrates and artificial sweeteners (Based on the results of a group of people tasting and ranking them in
order of taste relative to sucrose (table sugar) rated 1 as reference).

Sweetness relative Sweetness relative . Sweetness relative to
Carbohydrates Sugar alcohols Artificial sweeteners

to sucrose to sucrose sucrose
Fructose 1.74 Xylitol 1.00 Advantame 2,000
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Carbohydrates
Sucrose (table
sugar)

Honey
Glucose
Maltose
Galactose

Lactose

Sweetness relative
to sucrose

1.00

0.97
0.74
0.33
0.65

0.16

Sugar alcohols

Maltitol

Sorbitol

Sweetness relative
to sucrose

0.80

0.60

Sweetness relative to

Artificial sweeteners

sucrose
Saccharin 450
Acesulfame-K 200
Aspartame 180
Stevia 150
Sucralose 60
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