
Food sugar substitutes: a brief review for dental clinicians

The Journal of Clinical Pediatric Dentistry Volume 27, Number 1/2002 1

INTRODUCTION

The importance of diet in the development of
caries was suspected in antiquity and established
in modern times.1-3 The process has been shown

to be multifactorial in nature, but it has been generally
accepted that sugars in the diet are a major contributor
to the disease.4 The retention and exposure frequency of
fermentable carbohydrates to the teeth is an important
consideration when evaluating the cariogenicity of food
substances.5 Fermentable carbohydrates include sugars
or cooked starches that can be degraded into acids by
the oral bacteria. There is substantial evidence to impli-
cate sugars such as sucrose, glucose, fructose, maltose
and all fermentable carbohydrates as principle dietary
substances in caries formation.6-10 Sucrose is the most
common sugar added to beverages and food products.
Consumption in developed countries is reported to be
40 to 60 kg/person/year,11 Figure 1.

In recognition of the caries potential of sucrose,
investigators have searched for alternative sweeteners.
The ideal agent would provide sweetness, but with no
unpleasant after-taste, have little or no calories, not be
carcinogenic or mutagenic, be economical to produce,
and would not be degraded by heat when cooked. Iden-
tification of such a product has been challenging.

Although several non-nutritive sweetening agents have
been marketed in the United States (US), none have
possessed all of the preferred properties.

Dentists are often asked questions relative to spe-
cific sugars in food and sugar substitutes. The purpose
of this brief review is to provide information that can
be of value to the practicing dentist when counseling
their patients regarding diet and caries prevention.

SWEETENERS

FDA approved sweeteners
The only US Food and Drug Administration (FDA)
approved noncaloric sweeteners to date are aspartame,
acesulfame potassium, saccharin and sucrolose,12 Figure 2.

Aspartame
Aspartame, sold under the brand names of Nutrasweet
and Equal, is a dipeptide methyl ester, discovered in 1965
and is approximately 200 times sweeter than sucrose.13

Aspartame was approved in 1981 for limited use as a
sweetener in the US, and extended to a larger market in
1983. Aspartame is the most widely used non-cariogenic
artificial sweetener. Its primary use is in diet soft drinks,
yogurt, puddings, gelatin and snack foods.14 Aspartame
has been shown to have a protective effect against some
mycotoxins and is claimed to be safe for use by type 2 dia-
betics. Mycotoxins are toxic metabolic products of some
fungi and can result in mycotoxicosis in humans. Myco-
toxins can be found in contaminated cereals and foods
obtained from animals, that ingested a mycotoxin con-
tained diet.15 Oral ingestion of 6mg/kg of aspartame has
been reported to reduce the number of sickled cells in the
blood of patients with homogenous sickle cell anemia.16

The approval of aspartame by the FDA was not without
dissenting opinions and there have been concerns raised
relative to toxic affects on growth,glucose homeostasis,and
liver functions with long term usage.17-21 People with
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phenylketonuria should avoid aspartame as they cannot
metabolize phenylalanine, a component of aspartame.

Acesulfame potassium
Acesulfame potassium, a non-nutritive product, was
approved by the FDA in 1988 for use as a sweetener in
dry food products. In 1994 yogurt, refrigerated desserts,
syrups and baked goods were added to the approved list.
The use of acesulfame potassium is approved for use in
foods, beverages, cosmetics and pharmaceutical in more
that 30 countries. Although considered safe for con-
sumption by humans there have been some health issues
raised relative to dose-dependent cytogenetic toxicity.14,22

Saccharin
Saccharin is 200 to 500 times sweeter than sucrose and is
the oldest of the artificial sweeteners used in the United
States. It is non-cariogenic and non-caloric and is available
in liquid and tablet form as a table-top sweetener but has a
slightly bitter after-taste. In 1970 saccharin was identified as
a potential bladder carcinogen.A warning label is required
on all food products in the US that contain saccharin.14

Sucrolose
Sucrolose is a non-nutritive, non-caloric trichiorinated
derivative of sucrose. It is not metabolized by the body
and it has been shown to be non-cariogenic.23 Sucrolose
is widely used throughout the world in many food
products such as such as tea and coffee sweetener, car-
bonated and non-carbonated beverages, baked goods,
chewing gum and frozen desserts. No health concerns
have been reported with sucrolose.24,25

Other sweetner agents

Sorbitol
Sorbitol is a sugar alcohol that occurs naturally in many
fruits and berries. It is produced commercially from
glucose, but is expensive to manufacture. Sorbitol is

often used as a “bulk” sweetener in a variety of food
substances such as chewing gum, chocolates, and con-
fectioneries. It is half as sweet as sucrose and is consid-
ered non-cariogenic, although in solution it can be fer-
mented slowly by mutans streptococci. Sorbitol has
been shown to be cariogenic with prolonged use by
patients with reduced salivary gland function.26 Sorbitol
is not easily metabolized or absorbed from the gas-
trointestinal tract and can cause diarrhea if ingested in
large quantities.

Xylitol
Xylitol was discovered in wood chips in 1890 and in
wheat and oat straw in 1891.28 It is a non-fermentable,
pleasant tasting, non-cariogenic polyol derived from
pentose sugar xylose and is relatively expensive to
manufacture.29 Xylitol is as sweet as sucrose and was
approved as safe for use in humans in 1986. It is used
primarily in chewing gum and possesses approximately
the same sweetness potency as sucrose. Studies have
suggested that the regular use of xylitol containing
chewing gum reduces the amount of dental plaque as
well as increase saliva flow. A significant reduction in
caries incidence has been reported in caries active age-
groups when xylitol containing gum was chewed regu-
larly.30,31 Recently, xylitol has been credited in reducing
the transmission of cariogenic bacteria from mother to
infant and has been shown to have bacteriocidal quali-
ties.32-34 The FDA has not yet approved additional uses
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Figure 1. Chemical structure of sucrose

Figure 2. Chemical structure of non-caloric sweeteners
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of xylitol as a sweetener. However, numerous Euro-
pean studies have established the safety for human
consumption. An additional reported benefit of chew-
ing gum containing xylitol is reduced ear infection in
young children at day-care centers.35

Stevia
Stevia is a natural occurring, heat stable sweetener,
which is extracted from Stevia rebaudiana Bertoni, a
member of the chrysanthemum family.36 The active
ingredient, stevioside, is a white crystalline material
that contains three glucose molecules and steviol, a
ditepenic carboxylic alcohol, Figure 2. Its sweetness
potency is 100 to 300 times greater than sucrose. Stevia
is calorie-free, non-cariogenic and has been used by
the indigenous peoples of Paraguay for centuries as a
sweetener.37,38 It is widely used commercially in Brazil
and Japan, and to a lesser extent in China, Germany,
Malaysia and Israel, for more than 20 years as a sweet-
ener in many food categories.12 In 1995, the FDA
approved the importation and use of stevia as dietary
supplement, but not as a sweetener. The argument to
include stevia as a food additive has become deeply
politicized in the US. Commercial companies have
been discouraged in fronting the necessary expenses to
challenge the FDA on this approval distinction since
stevia is a herb and not a patentable pharmaceutical
product.39

A weak estrogenic effect, similar to that associated
with soy beans, has been reported with the chronic
ingestion of an aqueous extract of Stevia rebaudiana
Bertoni. It has been suggested that this could act as a
weak male contraceptive agent.40 This affect was not
found when the sweetening agent, stevioside, was
extracted from the whole leaves and tested.41 Stevia has
been shown to be safe for use by diabetics and it has a
mild antihypertensive quality in humans.42,43 It has not
been found to be mutagenic.44

Neotame
Neotame is a new product being developed commer-
cially by the NutraSweet Company, a subsidiary of
Mansanto Chemical-Mt. Prospect, IL. It is very similar
in chemical structure to aspartame, Figure 2. Neotame
is a highly intensity sweetener reported to have a clean
taste with no unpleasant characteristics. It has sweet-
ness potency 6000 to 9000 greater than sucrose and is
reported to be heat stable in baking applications. Simi-
lar to other sweeteners the potency of neotame may
vary depending upon the food or how it is used.45 Neo-
tame is reported to be functional and stable in carbon-
ated soft drinks, powdered soft drinks, yellow cake,
yogurt and hot-packed still drinks.46

Neotame has been submitted to the FDA for con-
sideration as a new sweetener in several food cate-
gories. However, it has not yet been approved.47

DISCUSSION
The dentist often has the opportunity to provide advice
regarding the importance of diet and the role of sugars
in caries formation. As such, the dentist must have a
familiarization with alternatives to sugar and the types
of food products that are available with substitute
sweetening agents.

It is difficult to avoid sugar in the diet as it is an
added ingredient to enhance the taste of many
processed foods. However, reducing the amount and
exposure to sugar in the diet of humans, especially chil-
dren, is an important consideration in preventing
caries.48 Non-cariogenic sweeteners offer an alternative
to sugar if used in moderation. The identification of
new safe, palatable, heat stable, non- or low-caloric
sweetener substitutes for the more cariogenic sugars
such as sucrose, glucose, fructose and maltose continue
to be actively sought for use in the food industry.
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