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observed. It was mainly due to the developments in bio-
logical studies, the change of a population lifestyle and the 
increase in the consumer awareness concerning food prod-
ucts. The health quality of food depends mainly on nutri-
ents, but also on foreign substances such as food additives. 
The presence of foreign substances in the food can be justi-
fied, allowed or tolerated only when they are harmless to 
our health. Epidemic obesity and diabetes encouraged the 
growth of the artificial sweetener industry. There are more 
and more people who are trying to lose weight or keeping 
the weight off; therefore, sweeteners can be now found 
in almost all food products. There are two main types of 
sweeteners, i.e., nutritive and artificial ones. The latter does 
not provide calories and will not influence blood glucose; 
however, some of nutritive sweeteners such as sugar alco-
hols also characterize with lower blood glucose response 
and can be metabolized without insulin, being at the same 
time natural compounds.

Sugar alcohols (polyols or polyhydric alcohols) are low 
digestible carbohydrates, which are obtained by substi-
tuting and aldehyde group with a hydroxyl one [1, 2]. As 
most of sugar alcohols are produced from their correspond-
ing aldose sugars, they are also called alditols [3]. Among 
sugar alcohols can be listed hydrogenated monosaccharides 
(sorbitol, mannitol), hydrogenated disaccharides (isomalt, 
maltitol, lactitol) and mixtures of hydrogenated mono-di- 
and/or oligosaccharides (hydrogenated starch hydrolysates) 
[1, 2, 4].

Polyols are naturally present in smaller quantities in 
fruits as well as in certain kinds of vegetables or mush-
rooms, and they are also regulated as either generally rec-
ognized as safe or food additives [5–7]. Food additives 
are substances that are added intentionally to foodstuffs in 
order to perform certain technological functions such as 
to give color, to sweeten or to help in food preservation. 

Abstract  Epidemic obesity and diabetes encouraged the 
changes in population lifestyle and consumers’ food prod-
ucts awareness. Food industry has responded people’s 
demand by producing a number of energy-reduced prod-
ucts with sugar alcohols as sweeteners. These compounds 
are usually produced by a catalytic hydrogenation of carbo-
hydrates, but they can be also found in nature in fruits, veg-
etables or mushrooms as well as in human organism. Due 
to their properties, sugar alcohols are widely used in food, 
beverage, confectionery and pharmaceutical industries 
throughout the world. They have found use as bulk sweet-
eners that promote dental health and exert prebiotic effect. 
They are added to foods as alternative sweeteners what 
might be helpful in the control of calories intake. Con-
sumption of low-calorie foods by the worldwide population 
has dramatically increased, as well as health concerns asso-
ciated with the consequent high intake of sweeteners. This 
review deals with the role of commonly used sugar alco-
hols such as erythritol, isomalt, lactitol, maltitol, mannitol, 
sorbitol and xylitol as sugar substitutes in food industry.

Keywords  Sugar alcohols · Polyols · Bulk sweeteners · 
Sugar substitution · Sugar-free products

Introduction

People always tried to use benefits of the nature; however, 
just recently in the final years of the twentieth century, a 
gigantic progress in the food technology could have been 
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According to the European Union legislation, all food addi-
tives are identified by an E number and must be always 
stated on the packaging in the ingredient lists. All food 
additives prior their usage must be authorized by par-
ticular legislations such as EU and FDA. There are seven 
sugar alcohols which are defined as nutritive sweeteners 
according to EU legislation, i.e., sorbitol (E420), mannitol 
(E421), isomalt (E953), maltitol (E965), lactitol (E966), 
xylitol (E967) and erythritol (E968) [8]. They need to be 
declared on the products label, and when there is only one 
sugar alcohol present, the specific name may be substituted 
for “sugar alcohol,” e.g., xylitol [5, 7]. Although accept-
able daily intake (ADI) dose has not been specified for 
them, they are known for their potent laxative effect and 
other gastrointestinal symptoms such as flatulence, bloat-
ing, and abdominal discomfort when eaten in excess [1, 9, 
10]. Therefore, in order to ensure consumers with adequate 
information, products containing more than 10  % added 

polyols must include the advisory statement “excessive 
consumption may produce laxative effects” [10, 11].

Sugar alcohols’ sweetness is usually lower than the one 
of monosaccharide, and therefore, they are used volume-
for-volume like sugar and are called bulk sweeteners. They 
are often used in combination with other sweeteners to 
achieve the desired level of sweetness and flavor. Similarly 
to carbohydrates, they are not only responsible for sweet 
taste, but they are also responsible for product texture, its 
preservation, filling, holding moisture and cooling sensa-
tion in the mouth [12] (Table 1).

These compounds have a lower nutritional value than 
sugars (Table  2) [12], due to slower and incomplete 
absorption from the intestine, which results in indirect 
metabolism via fermentative degradation by the intestinal 
flora (Table  3). Products of fermentation include short-
chain fatty acids and gases [9]. Sugar alcohols due to 
lower caloric value might help consumers to reduce their 

Table 1   Characteristics of sugar alcohols

Sugar alcohol Formula Systematic name Synonyms Functional classes

Erythritol C4H10O4 (2R,3S)-1,2,3,4-Butanetetrol -Erythrite
-Meso-erythritol
-Tetrahydroxybutane

Flavor enhancer
Humectant
Sweetener

Isomalt C12H24O11 6-O-alpha-d-glucopyranosyl-, mixed with 
1-O-alpha-d-glucopyranosyl-d-mannitol

-Hydrogenated isomaltulose
-Isomaltitol

Anti-caking agent
Bulking agent
Glazing agent
Stabilizer
Sweetener
Thickener

Lactitol C12H24O11 4-O-β-l-Galactopyranosyl-l-glucitol -Lactit
-Lactobiosit
-Lactositol

Emulsifier
Sweetener
Thickener

Maltitol C12H24O11 4-O-α-d-Glucopyranosyl-d-glucitol -d-Maltitol
-Dried maltitol syrup
-Hydrogenated glucose syrup
-Hydrogenated high maltose content glucose 

syrup
-Hydrogenated maltose
-Maltitol syrup powder

Bulking agent
Emulsifier
Humectant
Stabilizer
Sweetener
Thickener

Mannitol C6H14O6 d-Mannitol -Mannite
-d-Mannitol

Anti-caking agent
Bulking agent
Humectant
Stabilizer
Sweetener
Thickener

Sorbitol C6H14O6 d-Glucitol -d-Glucitol,
-d-Glucitol syrup
-Sorbit
-d-sorbitol
-Sorbol

Bulking agent
Humectant
Sequestrant
Stabilizer
Sweetener
Thickener

Xylitol C5H12O5 d-erythro-pentitol – Emulsifier
Humectant
Stabilizer
Sweetener
Thickener
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energy intake and lose weight [1, 9]. What is more, con-
sumption of products containing polyols do not induce 
(or to very small extent) an increase in blood glucose 
or insulin secretion, and thus, such products are recom-
mended for people with diabetes [6, 9, 10, 13; Table 2]. 
Polyols also act as prebiotics, anti-cariogenic agents and 

similar to fiber can help normalize intestine function [1, 
9, 10]. Sugar alcohols such as maltitol and lactitol were 
found to increase mineral bioavailability in human and 
rats [13, 14].

Nutritive sweeteners are generally recognized as safe, 
yet concern exists about increasing sweetener intakes rela-
tive to optimal nutrition and health. The present review 
focuses on the role, metabolism and dietary characteristic 
of the chosen sugar alcohols such as erythritol, isomalt, lac-
titol, maltitol, mannitol, sorbitol and xylitol.

Sugar alcohols characteristics

Erythritol

1,2,3,4-Butanetetrol, which is a chemical name of erythritol 
(Fig. 1), can be naturally found in small quantities in vege-
tables, fruits (melons, peaches), mushrooms and fermented 
foods such as wine, beer, sake and soy sauce [15–22]. It 
can be also found in several human tissues such as semen, 
lens, cerebrospinal fluid and serum [18, 20, 23]. Erythritol 
consumption from natural sources is estimated to amount 
from 25 mg/person/day in the USA to 106 mg/person/day 
in Japan [23].

Properties and applications

This sugar alcohol characterizes with a high stability in 
temperature and acid or alkaline environments as well as 
does not take part in Maillard-type browning reactions 
[23]. It is also a non-hygroscopic substance. Erythritol is 
currently used as a low-calorie, tooth-friendly, bulk sweet-
ener, which provides volume, texture as well as microbio-
logical stability in such products as tooth-friendly chewing 
gums, candy products, ice creams and also ipocaloric bev-
erages [22, 23].

Besides heaving a high digestive tolerance, it is non-
glycemic and does not promote tooth decay [3, 21, 24] 
(Table 4). Erythritol inhibits the growth of mutans strepto-
cocci and combined with xylitol may potentially act caries 
limiting [3, 25]. Moreover, Runnel et  al. [25] in a three-
year study found that consumption of erythritol-containing 
candies by initially 7- to 8-year-old children resulted in 
reduced plaque growth, lower levels of plaque acetic acid 
and propionic acid.

Erythritol, characterizes with a clean sweet taste, is 
approximately 70  % as sweet as sucrose, with no after-
taste and a mild cooling effect in the mouth [18, 20, 22, 
26]. It can be easily blended with artificial sweeteners such 
as acesulfame potassium and aspartame or other polyols, 
i.e., sorbitol and xylitol or other sweeteners such as ste-
via to give a similar flavor to the one of table sugar [22, 

Table 2   Caloric value, sweetness and glycemic index of sugar alco-
hols

a  Sucrose = 1 [12]
b  Glucose = 100 [1, 8]

* [1, 8]

Polyol Sweetnessa Caloric value (kcal/g) Glycemic 
indexb*

US data* European regu-
lations*

Erythritol 0.6–0.8 0.2 2.4 0

Isomalt 0.45–0.65 2.0 9

Lactitol 0.3–0.4 1.9 6

Maltitol 0.9 2.1 35

Mannitol 0.5–0.7 1.6 0

Sorbitol 0.5–0.7 2.7 9

Xylitol 1.0 2.4 13

Table 3   Metabolism of sugar alcohols

Sugar alcohol Metabolism

Erythritol Fast absorption through the small intestine, not 
metabolized, over 90 % excreted unchanged in the 
urine; the unabsorbed part is fermented in the large 
intestine by the colonic microorganisms

Well tolerated in human body even up to 80 g when 
consumed spread over the day [1, 18, 23, 126]

Isomalt Slowly and only partly digested and absorbed in the 
upper gastrointestinal tract, and the unabsorbed part 
(~90 %) is fermented by the gut microflora in the 
colon [1, 40, 44]

Lactitol Small part is absorbed (2 %) by passive diffusion, and 
the remainder passes undigested to the colon (the 
distal part of the large intestine) where is slowly 
fermented [45–47]

Maltitol Partially digested in the intestines, and non-absorbed 
part is metabolized by colonic bacteria [1, 60, 64]

Mannitol Passively absorbed part is digested in the intestines, 
and non-absorbed part is metabolized by colonic 
bacteria in the lower gut [75, 78]

Sorbitol Partially absorbed in the upper gastrointestinal tract 
where it undergoes digestion, and non-absorbed 
part is metabolized by colonic bacteria [1, 68, 72, 
75, 78]

Xylitol Indirect—fermentative degradation of unabsorbed 
xylitol by intestine bacterial flora

Direct metabolism via the glucuronic acid–pentose 
phosphate shunt—a portion of xylitol undergoes 
metabolic pathway in mammalian liver [47, 108]
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27]. Even slight amounts of aspartame or acesulfame K 
increase erythritol sweetness by about 30  %. It can also 
improve mouthfeel and mask certain unwanted aftertastes 
of intense sweeteners [23]. Erythritol was also reported to 
protect endothelial cells under hyperglycemic conditions 
(Table 4) [28]. In vitro studies have also shown that eryth-
ritol is an excellent radical scavenger with membrane-pro-
tecting properties [19, 23]. Moreover, it was also found that 
simultaneous intake of equimolar amounts of erythritol and 
fructose results in the impaired absorption of the latter [29].

Metabolism

Based on clinical studies, it was stated that erythritol is 
well (60–90 %) and rapidly absorbed in the small intestine 

and then excreted intact in urine within 24  h (Table  3). 
Only small amounts are subjected to intestinal fermenta-
tion, and thus laxative side effects associated with exces-
sive polyol consumption are unlikely to observe [1, 15, 19, 
20, 23]. Gastrointestinal effects were recorded when high 
doses were consumed, up to 1000 mg/kg body [15]. Oku 
and Okazaki [18] also stated that women are more resist-
ant to diarrhea resulting from a high ingestion of erythritol 
than men. What is more, the diarrheal effect of sorbitol is 
greater than that of erythritol [18]. According to American 
and Japanese legislation, it provides 0.2  kcal/g, whereas 
EU directives set this value at 2.4 kcal/g [Table 2; 21]. It 
has been intensively tested for safe use in both animals 
and humans, and thus no ADI have been specified for this 
polyol [30].

Fig. 1   Chemical structures of 
sugar alcohols
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Production

Contrary to other polyols, it is not produced by direct cata-
lytic hydrogenation due to the high cost of substrate eryth-
rose [31; Table 5]. Its industrial manufacturing is based on 
fermentation processes led by osmophilic yeasts such as 

Moniliella pollinis or Trichosporonoides megachiliensis 
[16, 21, 22, 26, 32] as well as some species of lactic acid 
bacteria, i.e., Oenococcus oeni, Leuconostoc mesenter-
oides and Lactobacillus sanfranciscencis [33–35]. Eythritol 
can also be produced from glycerol by Yarrowia lipolytica 
MK1 [36–38].

Isomalt

Isomalt, which is a mixture of two isomeric disaccha-
ride alcohols: gluco-mannitol (α-D-gluco-pyranosyl-1-6-
mannitol) and gluco-sorbitol (α-d-gluco-pyranosyl-1-6-
Sorbitol), was discovered in the 1960s (Fig. 1).

Production

It is produced from sucrose in a two-step process, which 
makes isomalt chemically and enzymatically more 
stable than the sucrose. It starts by sugar enzymatic 

Table 4   Biological activities of sugar alcohols

Sugar alcohol Biological activities

Erythritol [1, 
19, 23, 24, 29]

Non-caloric
Non-glycemic
High digestive tolerance
Non-cariogenic
Free radical scavenger
Non-acidogenicity
Antioxidative and endothelium-protective proper-

ties
Increases malabsorption of fructose

Isomalt [1, 24, 
39, 44]

Very low glycemic index
Non-cariogenic
Reduced calorie value
Has an effect like dietary fiber in the gut

Lactitol
[1, 13, 14, 24, 

45–48, 50–56]

Non-cariogenic
Reduced calorie value
Increases the growth of probiotic bacteria
Reduces the population of putrefactive bacteria
Lowers the intestinal pH
Role in treating encephalopathy and constipation
Increases mineral bioavailability in human and rats

Maltitol [1, 13, 
14, 21, 24, 
59–62]

Low glycemic index
Lower calories
Non-cariogenic
Increases mineral bioavailability in human and rats
Combination with short-chain fructo-oligosaccha-

rides in sugar-free food product formulations 
results in lower postprandial glycemic responses

Mannitol [75, 
81, 82]

Reduces the rise in blood glucose and insulin levels
Low calories
Non-cariogenic
When inhaled is helpful in mucus and cough 

clearance in asthmatics and other hypersecretory 
diseases

Sorbitol [75, 78] Non-cariogenic
Reduced calorie value
Very low glycemic index

Xylitol [3, 
26, 95–97, 
109–114, 116, 
117, 127]

Non-cariogenic, improves dental health (helps in 
remineralization of tooth enamel)

Increases saliva production, which helps in treating 
xerostomia

Protects salivary proteins, has a protein-stabilizing 
effect

Improves breath odor
Reduces infections in the mouth and nasopharynx
Low calorie and very low glycemic index
Antiketogenic—decreases serum-free fatty acid 

levels and improves peripheral glucose utilization
Favors absorption of calcium and B vitamins
Inhibits yeast growth, including Candida albicans
Decreases glycation of proteins, reduces AGEs
Helps to maintain healthy gut function

Table 5   Industrial manufacturing of sugar alcohols

Sugar alcohol Industrial manufacturing

Erythritol Fermentative processes led by osmophilic yeasts such 
as Moniliella pollinis or Trichosporonoides meg-
achiliensis [16, 21–23, 26, 32] or some species of 
lactic acid bacteria, i.e., Oenococcus oeni, Leucon-
ostoc mesenteroides and Lactobacillus sanfrancis-
cencis [33–35] and Yarrowia lipolytica [36–38]

Isomalt Transformation of sucrose into isomaltulose which is 
then subsequently hydrogenated [22, 39, 40]

Lactitol Hydrogenation of a 30–40 % lactose solution at about 
100 °C with a Raney nickel catalyst [45–47]

Maltitol Catalytic hydrogenation of maltose or very high 
maltose glucose syrup [61]

Crystallization from the maltose syrup and hydrogen-
ate followed by aqueous or melt crystallization [61]

Hydrogenation of maltose syrup and a high-purity 
liquid maltitol is recovered using liquid chromatog-
raphy [61]

Hydrogenation and melt crystallization of maltitol 
from a maltose syrup with a maltose content in 
excess of 92–93 % [61]

Mannitol Extraction from seaweed in China [75]
Fermentation [75]
Catalytic hydrogenation of fructose derived from 

sugar or starch (more complicated process, but cost-
effective) [66, 75, 78]

Sorbitol Catalytic hydrogenation of sugar, starch or glucose 
syrups, at high temperature (typically, 100–150 °C) 
and high pressure [100–150 bar; 75, 78]

Xylitol Nickel catalyzed hydrogenation of wood sugar 
(xylose)—four step process that includes xylose 
isolation, purification, hydrogenation to xylitol and 
its crystallization [47, 108]

Biotechnologically by yeasts such as Candida tropi-
calis that metabolize wood sugar [128]
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transglucosidation into maltulose that is subsequently 
hydrogenated into isomalt, which is a combination of two 
disaccharide alcohols, 6-O-α-d-glucopyranosyl-d-sorbitol 
(1,6-GPS) and 1-O-α-d-glucopyranosyl-d-mannitol dihy-
drate (1,1-GPM) [39, 40].

Properties and applications

Isomalt is resistant to the loss of sweetness during heat-
ing; thus, it can be used in products, which are subjected to 
high temperatures [41]. Its sweetness depends on concen-
tration, temperature as well the form of product in which 
it is used; on average it has 45–65 % of the sweetness of 
sucrose [40, 41]. Besides resembling table sugar physically 
(white, crystalline and odorless), it is also slightly hygro-
scopic substance and enhances flavor transfer in foods [40, 
41]. Moreover, it does not crystallize as quickly as sucrose, 
so it can be used for sugar sculptures and other decora-
tive edible products [22]. Contrary to other polyols, it does 
not give cooling effect in the mouth. It is often combined 
with non-nutritive sweeteners, because it helps masking 
the bitter aftertaste of some sweet food additives and bulk-
ing agents [40]. Aside from being sweetener, it also acts as 
a bulking agent, anti-caking agent and glazing agent [42; 
Table 1]. It is synergistic with other sweeteners, especially 
those intense ones, is anti-cariogenic and does not increase 
blood glucose or insulin levels (Table 4). Similarly to other 
polyols, products sweetened with isomalt may be labeled 
safe for teeth [10, 43]. What is more, isomalt-containing 
toothpastes were found to enhance teeth remineralization 
[43].

It has been available in Europe since the early 1980s and 
is currently used in a wide variety of products such as hard 
candies, toffees, chewing gum, chocolates, baked goods, 
nutritional supplements, cough drops and throat lozenges 
[42].

Metabolism

Isomalt absorption is very low amounting to 10  % and 
90  % of the absorbed part is being fermented [1, 40]. 
The bacterial fermentation products are short-chain fatty 
acids, CO2, CH4 and H2 [40]. Due to its partial digestion 
in the intestines, it supplies only half of the caloric value 
of sucrose (Table 2). However, it cannot be fermented by 
a large number of yeasts and other microorganisms found 
in nature [39]. In vitro studies have demonstrated that this 
polyol is a good source of butyrate and increases growth of 
bifidobacteria, which results in prebiotic effect [39, 44].

ADI for isomalt has been established by the Joint Food 
and Agriculture Organization/World Health Organization 
Expert Committee on Food Additives (JECFA) as “not 
specified.” When consumed in high amounts may result in 
laxative effect, which is greater when isomalt is consumed 
in liquid food. However, its intolerance depends on many 
factors such as individual sensitivity, the moment and fre-
quency of consumption [Table 6; 39].

Lactitol

It was discovered in 1920 by a French food chemist but 
not commercially used until 1980’s. Lactitol is a disaccha-
ride polyol, which is composed of sorbitol and galactose 
(Fig. 1). It is produced from lactose by a catalytic hydro-
genation using Raney nickel as the catalyst [45–47].

Metabolism

Although it is produced from lactose, it is not hydrolyzed 
by lactase, but is broken down by gut microflora (Table 3). 
Lactitol is metabolized by bacteria in the large intestine, 
where it is converted into biomass, carbon dioxide, a small 
amount of hydrogen and organic acids [45, 47], which are 

Table 6   Reported side effects 
of sugar alcohols

* [125]

Sugar alcohol Reported side effects ADI*

Erythritol Non-observed under the anticipated conditions of use; symptoms of over-
consumption are flatulence and laxation [1, 15, 18–20, 23, 130]

Not specified

Isomalt Excess consumption causes laxative effect [39] Not specified

Lactitol Bloating and flatulence after an intake more than 20 g in a single dose [46] Not specified

Maltitol Abdominal bloating and laxative effect when consumed in large quantities 
[59, 60]

Not specified

Mannitol In amounts greater than 20 mg/kg body weight may cause abdominal pain, 
excessive gas (flatulence), loose stools or diarrhea [1, 68, 72, 78]

Not specified

Sorbitol Osmotic diarrhea as a result of intestinal malabsorption when ingested dose 
is greater than 50 grams per day [78]

Consumption of 20–30 g/day results in abdominal pain [108]

Not specified

Xylitol Occasionally noted temporary laxation and gastrointestinal discomfort [129, 
130]

Not specified



7Eur Food Res Technol (2015) 241:1–14	

1 3

further metabolized to give energy in the amount of 2–2.4 
calories per gram (Table 2). It was also found that lactitol 
is used as an energy source by special intestinal microflora 
in the colon, i.e., Bifidobacteria and Lactobacillus spp [47, 
48]. Overconsumption might result in laxative effect, which 
varies depending on the mode and frequency of ingestion, 
diet, age and general gut health [46].

Properties and applications

Lactitol characterizes with a clean sweet taste and a sweet-
ening power of 40 % of that of sucrose [47]. However, it is 
used as a sucrose 1:1 substitute in calorie-controlled foods, 
mainly due to its good solubility. It can be dissolved at 
lower temperatures than sucrose, which results in saving of 
energy and processing costs [45, 46]. It does not take part 
in non-enzymatic browning (Maillard) reactions and can be 
stored for long periods [46].

Its characteristic mild sweetness helps in better per-
ception of product flavor, and thus, it is usually combined 
with low-calorie sweeteners such as acesulfame K, aspar-
tame, cyclamate, neotame, saccharin, stevia sweeteners 
and sucralose. Lactitol sweetness increases with the con-
centration level, but it has a very small cooling effect. This 
sugar alcohol is non-hygroscopic, stable in high tempera-
tures as well as acidic and alkaline conditions. Besides 
sweetening, it can be used as a thickener and emulsifier 
[49]. Lactitol has a negligible effect on blood glucose lev-
els and can be metabolized without insulin [45]. Similarly 
to other sugar alcohols, it also does not contribute to den-
tal caries [10, 45]. Lactitol also acts as a prebiotic that is 
capable of promoting the growth of beneficial bacteria in 
the colon such as Bifidobacteria and Lactobacilli, but also 
reduces the population of putrefactive bacteria selectively 
and lowers the intestinal pH as well as the production and 
absorption of ammonia [45, 46, 48, 50, 51]. Lactitol was 
also applied in treating encephalopathy and constipation 
[52–56].

Due to its properties, lactitol is used in certain pharma-
ceutical applications, in food for diabetics, low-calorie, 
low-fat and/or sugar-free foods such as ice cream, choco-
late, hard and soft candies, baked goods, sugar-reduced 
preserves, chewing gums and sugar substitutes [49, 52, 57, 
58]. However, due to its low sweetness, it is usually mixed 
with intense sweeteners [47]. Similar to other polyols, it is 
reckoned as safe and has been allocated an ADI “not speci-
fied” by JECFA (Table 6) [45].

Maltitol

Maltitol, also called 4-O-α-d-glucopyranosyl-d-glucitol 
(Fig.  1), is a disaccharide polyol that consists of glucose 
and sorbitol in equal parts and is obtained from starch, by 

hydrogenating maltose or very high maltose glucose syrup 
[1, 59, 60].

Properties and applications

Among polyols, maltitol characterizes with properties the 
most resembling the ones of sucrose [60, 61]. Its sweetness 
is clean and pleasant and amounts up to 90 % of the one 
attributed to sucrose, but its caloric value amounts to 2.1–
2.4 kcal/g (Table 2). Maltitol is also a non-cariogenic agent, 
which characterizes a pleasant sweet taste that is simi-
lar to sucrose; however, due to slow absorption, the insu-
lin response associated with its ingestion is significantly 
reduced [1, 10]. It has been reported that its simultaneous 
application with short-chain fructo-oligosaccharides in 
sugar-free food product formulations lowers postprandial 
glycemic responses [62].

It does not undergo carmelization and browning process, 
and it cooling effect is negligible when compared with 
other polyols. Besides replacing sweeteners, it can also be 
used as a fat substitute, as it gives a creamy texture to food 
[59–61, 63]. Due to its low hygroscopicity and stability in 
high temperatures, it is used in many baked products as 
well as a variety of reduced calorie, reduced fat and sugar-
free foods [21, 59, 60].

Metabolism

Maltitol absorption ranges from 5 to 80 %, but is must be 
preceded by hydrolysis which leads to glucose and sorbitol 
[1]. It is slowly digested in the small intestine, and the non-
absorbed part passes to the colon where is undergoes fer-
mentation by bacteria [64]. Although its ADI was not spec-
ified, it reveals laxative effects when consumed in amounts 
exceeding 25–30 g/kg body weight per day [59].

Currently, its use is approved in most countries includ-
ing Canada, Europe, Australia, New Zealand and Japan, but 
awaits approval of Food and Drug Administration (FDA). 
However, US food manufacturers may use maltitol since 
FDA has accepted the petition concerning this compound 
[61].

Mannitol

This 6-carbon sugar alcohol is an isomer of sorbitol 
(Fig.  1). Mannitol is used as a reserve carbohydrate by 
some bacteria, fungi, brown seaweeds and some higher 
plants [65, 66].

Production

Its production is based on the catalytic hydrogenation of 
glucose/fructose (1:1) mixture, obtained from invert sugar 
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or starch, at high temperatures and pressure [67–69]. How-
ever, this process characterizes with low efficiency yield-
ing only 25 % of mannitol in the obtained mixture and a 
need of elaborate purification step. Thus, fermentative 
processes have been researched, especially with the use of 
heterofermentative lactic acid bacteria, resulting in a com-
plete conversion of d-fructose into d-mannitol in mild con-
ditions [70–73]. Recently, cyanobacteria were found useful 
for mannitol production, mainly due to the fact that sugars 
are the primary products of photosynthesis [66]. As it can 
be found in high amounts in the exudates of certain trees, 
especially from Manna ash (Fraxinus ornus), figs, olives, 
larches, edible fungi, yeasts and seaweed, its production 
through extraction from natural sources is also considered 
[17, 65, 68, 69, 74, 75].

Metabolism

Mannitol is poorly absorbed, and thus, the rise in blood 
glucose and demand for insulin is much less than would 
be experienced after sucrose ingestion. It is only partially 
absorbed (~25 %) from the small intestine and not metabo-
lized (Table  3). However, in the lower part of the intesti-
nal tract, colonic bacteria can slowly metabolize some of 
the non-absorbed portion, and thus, consumption of doses 
exceeding 20 g/day might have a laxative effect [Table 6; 1, 
68, 72]. The fermentation yields organic acids production, 
which can be utilized by human organism [14].

Properties and applications

It is about 50  % as sweet as sucrose and has a desirable 
cooling effect, which is efficient in masking bitter tastes [1, 
17, 68]. Mannitol can be mixed with other ingredients and 
sweeteners what can result in a synergistic effect of bet-
ter sweetness and tasting. This sugar alcohol characterizes 
with a pleasant taste, stability, even in high temperatures, 
and a high melting point (165–169° C). Thus, it is com-
monly used in pharmaceuticals and nutritional tablets as 
well as in food industry, i.e., in chocolate-flavored coating 
agents for ice cream and confections or “breath-freshen-
ing” and “sugar-free” products. Mannitol can be also used 
as a feedstock for bioethanol production [76]. As mannitol 
is non-hygroscopic, it is used as a bulking agent for sugar-
free coatings and a dusting powder for chewing gum to 
prevent the gum from sticking to manufacturing equipment 
and wrappers [68, 77, 78].

It can be also applied as a potent osmotic diuretic and is 
a well-known antioxidant [17, 19, 31, 68, 69, 79]. More-
over, it acts as a scavenger of hydroxyl radicals and is 
claimed to protect against the development of colon cancer 
[68, 80]. Mannitol is also presumed to be health promoting, 
and thus, its addition to foods can result in extra nutritional 

value [72]. When mannitol is inhaled, it helps in mucus and 
cough clearance in asthmatics and other hypersecretory 
diseases [81, 82]. Mannitol accompanied with hydration 
during endovascular aortic aneurysm repair might improve 
renal function [83].

Besides being non-cariogenic, it is also characterized 
with a low caloric value (Table  2). As mannitol is not 
metabolized by humans, it does not induce hyperglycemia 
and has glycemic and insulinemic indexes of 0 [1, 24, 69, 
72].

Similar to other polyols, mannitol is also resistant to oral 
bacteria which prevents from the increase in the acidity 
of the mouth after ingestion (Table 4). Thus, according to 
the US FDA and European Commission, products contain-
ing mannitol can have a health claim on the labeling stat-
ing “does not promote tooth decay” [10]. FDA as well as 
JECFA have approved usage of mannitol as a food additive, 
which is regarded as safe (Table 6).

Sorbitol

Sorbitol, which has a systematic name d-glucitol (Fig. 1), 
is a 6-carbon sugar alcohol that was discovered by a French 
chemist in the berries of the mountain ash in 1872. This 
polyol can be naturally found in apples, pears, peaches, 
apricots and nectarines as well as in dried fruits, such as 
prunes, dates and raisins and in some vegetables [17, 22, 
75, 84–88].

Production

Sorbitol is produced from glucose or sucrose, by a cata-
lytic hydrogenation with hydrogen gas and nickel catalyst 
at high temperatures [17, 21, 22, 89]. However, it can be 
also produced by electrochemical reduction of dextrose 
in alkaline conditions [21, 22]. Although there are known 
several industrial processes which are used for the produc-
tion of sorbitol, only a few microorganisms, including three 
yeast strains and bacteria such as Zymomonas mobilis and 
Candida boidini, have been suggested as potential sorbitol 
producers [17, 73, 87, 90–92].

Properties and applications

Sorbitol supplies fewer calories than sugars, and its sweet-
ness amounts to about 60 % of the one assigned to sucrose 
(Table 2). It also characterizes with a 20-fold higher solubil-
ity in water than mannitol. [17, 84, 87]. It is manufactured in 
both liquid and crystalline form [75, 84]. Similarly to xylitol 
and erythritol, it has a negative heat of solution, and thus it 
gives a cooling sensation in the mouth. Sorbitol has a sweet, 
cool and pleasant taste. Besides acting as a sweetener, it 
is also an excellent humectant, softener, texturizing and 
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anti-crystallizing agent [17, 90] (Table 1). It is easily com-
pressible substance but has a great technological disadvan-
tage, which is high hygroscopicity [77, 78]. This polyol is 
chemically inert and stable, even in high temperatures, and 
does not undergo Maillard reactions [75, 93, 94]. Sorbitol 
can combine well with other food components such as sug-
ars, gelling agents, proteins and fats. It also may reveal syn-
ergistic effects with other sweeteners that result in greater 
sweetness and better taste. This sugar alcohol is important 
for fruits carbon metabolism and affects the quality of starch 
accumulation and sugar–acid balance [22].

Sorbitol is resistant to digestion by oral bacteria which 
break down sugars and starches to release acids that may 
lead to cavities or erode tooth enamel. According to the US 
FDA and European Commission, products containing this 
sugar alcohol can have a health claim on the labeling stat-
ing “does not promote tooth decay” [10].

Due to its non-cariogenic properties, it is used in prod-
ucts for special nutritional purposes designated for people 
with diabetes, but it also finds its application in pharma-
ceuticals and cosmetics. Sorbitol can be added to a wide 
variety of products, including sugar-free candies, chew-
ing gums and sugar-free foods such as frozen desserts and 
baked goods. As it prevents loss of moisture content, it is 
used in the production of confectionery, baked goods and 
chocolate, which have a tendency to become dry or harden 
during storage. Sorbitol is also used as an important pre-
cursor of the vitamin C production, sorbose as well as sur-
factants [5, 87, 92]. The worldwide production of sorbitol 
is estimated to be higher than 500,000  tons/year, and the 
market is continuously increasing, and about 25 % of that 
production is used for the synthesis of vitamin C [73, 85, 
87]. What is more, 25 % of total sorbitol production is used 
in manufacturing of syrups [21].

Its safety has been supported by many scientific studies, 
and JECFA has defined an acceptable daily intake (ADI) 
for sorbitol as “not specified,” and thus, no limits are placed 
on its use. Similar to other polyols, it might reveal laxative 
effect when eaten in excess [22; Table 6].

Xylitol

It is a 5-carbon polyol which is produced from d-xylose 
(Fig. 1). It was discovered in 1891 and since the 1960s has 
been used as a sweetener. It can be found in nature in many 
fruits and vegetables, berries, oats and mushrooms and is 
produced in small quantities in human organism [21, 22, 
95–99].

Production

Main substrate for its production is xylan, which is usu-
ally obtained from birch trees and other hardwood [95, 97, 

100]. Similarly to other sugar alcohols, xylitol is produced 
by metal catalyzed hydrogenation of a corresponding sugar, 
i.e., D-xylose [26, 98, 101]. This process starts with xylan 
isolation from wood material followed by its hydrolysis to 
xylose. Then xylose is chromatographically purified, and 
the resulting solution is subjected to hydrogenation in the 
presence of nickel catalyst. Commercial xylitol production 
might be also started by xylose solution hydrogenation, its 
purification and final crystallization in orthorhombic form 
[21, 99].

However, due to high production cost, biotechnologi-
cal production systems from corn cobs, the waste of sug-
arcane and other fibers were developed, but still they are 
not introduced on commercial scale [99, 102–106]. It can 
be also efficiently produced by yeasts that naturally obtain 
xylitol as an intermediate during D-xylose metabolism [17, 
73]. The genus Candida is their best source, but it cannot 
be used in food industry as it is a pathogenic one [17, 73]. 
Recombinant microalgae were also reported to produce 
xylitol [107].

Metabolism

Xylitol is approximately absorbed in 50 % in small intes-
tine and its fermentation, which takes place in large bowel, 
ranges from 50 to 75 % [1]. It can be metabolized directly 
in the liver or indirectly by fermentative degradation by 
intestinal flora (Table 3) [108]. Human tolerance of xylitol 
amounts to 100 g per day [96].

Properties and applications

Xylitol is the sweetest among all sugar alcohols (Table 2). It 
characterizes with the same sweetness and bulk as sucrose 
with one-third fewer calories and no unpleasant aftertaste 
[21]. Insulin is not required for its metabolism [26, 97]. It 
quickly dissolves and produces a cooling sensation in the 
mouth [3, 98, 99].

Xylitol is widely used in biomedical and other applica-
tions [3]. Its regular consumption in adequate doses results 
in the reduction of tooth decay [26, 97, 109]. Besides 
reducing the development of dental caries, it also plays 
a role in a decrease in plaque formation as it inhibits the 
growth and metabolism of Streptococcus mutans and Strep-
tococcus sobrinus, which are responsible for caries and 
dental plaque acid production, respectively [96, 110–113]. 
There are results of several clinical studies which con-
firm that the daily usage of small amounts of xylitol sig-
nificantly decreases the risk of dental caries [3, 95, 114]. 
It has been also reported that maternal xylitol consump-
tion results in reduced occurrence of dental caries in chil-
dren [115]. Xylitol increases pH values in the oral cavity 
that contributes to teeth remineralization as well as forms 
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complexes with Ca(II) which is supposed to play a huge 
role in tooth mineralization [3, 116, 117]. Moreover, xylitol 
acts as a statherin, which is a polypeptide that provides a 
protective and stabilized environment for teeth [3]. There is 
also data implying that xylitol reduces the incidence of ear 
infections and has an anti-bacterial effect on pneumococ-
cal nasal colonization [96, 118–120]. This sugar alcohol is 
used as an energy source in infusion therapy [121]. It also 
acts as an antioxidant agent of fish oil [122], as a sanitizer 
[123] and as a preventive factor of adrenocortical suppres-
sion during steroid therapy [121] and phenylenediamine-
induced hepatotoxicity [124].

Due to its properties and only few reported side effects, 
mainly gastrointestinal (Table 6), it is widely used in food, 
pharmaceuticals and nutraceuticals, especially in such 
products as chewing gums and candies [98, 99]. FDA 
approved its use in 1960  s and in Europe, it is known as 
E967 food additive, which is safe for use with children 
[95].

Sugar alcohols versus artificial sweeteners

The health and safety agencies from different countries 
regulate which sweeteners are allowed as well as the maxi-
mum amount that can be added to a specific food group. 
Sweeteners may be used separately or in combination with 
other sweeteners, and the latter is becoming increasingly 
popular in recent years owing to technical, health and com-
mercial advantages. The consumption of low-calorie foods 
by the worldwide population has dramatically increased, 
as well as health concerns associated with the consequent 
high intake of sweeteners both nutritive and non-nutritive.

Nutritive sweeteners include refined sugar, honey, high 
fructose, corn syrup, dextrose and sugar alcohols. There are 
eight non-nutritive sweeteners included in EU legislation 
that are allowed for use in food, i.e., acesulfame K (E950), 
aspartame (E951), cyclamic acid and its Na, Ca salts 
(E952), saccharin and its Na, K, Ca salts (E954), sucralose 
(E955), thaumatin (E957), neohesperidine DC (E959) and 
salt of aspartame–acesulfame K (E962) [11].

One of the most important differences between artificial 
sugar substitutes and polyols is that the first ones contain 
zero calories, with the exception of aspartame that provides 
4  kcal per gram but is consumed in very small amounts, 
contributing negligible energy. Sugar alcohols contain from 
0.2 to 2.7 calories per gram (Table 2), while common sug-
ars supply 4 kcal/g.

Unlike artificial sweeteners, polyols can raise blood glu-
cose but less than sugars, which is due to their incomplete 
absorption in human organism. However, particular sugar 
alcohols are metabolized differently and thus can exhibit 
various impacts on glucose levels in organism (Table  2). 

Polyols are in general partially digested in the intestines, 
and the non-absorbed part is slowly metabolized by colonic 
bacteria yielding volatile short-chain fatty acids (Table 3). 
Most of artificial intense sweeteners are not metabolized 
(acesulfame potassium), but aspartame is digested to phe-
nylalanine, aspartic acid and methanol; thus, people with 
phenylketonuria, a rare genetic disorder, cannot consume 
products sweetened with this substance [2, 26].

The sweetness of sugar alcohols varies from 25 to 100 % 
as compared with table sugar (Table  2), whereas artifi-
cial sweeteners are 30 to even 13,000 times sweeter than 
sucrose [2, 26]. Thus, they can be used in small amounts 
to achieve desired sweetness in such products as beverages, 
ice cream chewing gum, chocolate, jams/jellies, yogurt and 
salad dressings [2]. However, artificial intense sweeteners 
are used only for sweetening, whereas polyols can be used 
as anti-caking and glazing agents as well as stabilizers and 
thickeners (Table 1). Similar to common sugars, they can 
be also used as bulking agents besides being excellent natu-
ral sweeteners. They also help food keep moisture, prevent 
browning when heated and add a cooling sensation to prod-
ucts. Some artificial sweeteners may leave an aftertaste, but 
mixing with particular polyols such as erythritol, isomalt 
or lactitol can result in a similar flavor to the one of table 
sugar [22, 27, 40].

The use of sugar alcohols in food products is defined in 
the Regulation (EC) 1333/2008 on food additives, and they 
are authorized to be added on where quantum satis level 
for all purposes, i.e., sweetening and others [8; Table  6]. 
However, each artificial sweetener has been established an 
acceptable daily intake (ADI) and are used in foods within 
specified limits [11]. Although there are some controversies 
over the safety of artificial sweeteners, especially aspar-
tame, they have been approved both by the FDA as well as 
JECFA (The Joint FAO/WHO Expert Committee on Food 
Additives) [2, 26]. Sugar alcohols have been also associ-
ated with few side effects when eaten in excess, which 
include bloating, abdominal pain and diarrhea (Table  6). 
However, in reasonable amounts, artificial sweeteners and 
polyols might be helpful in diabetes and weight control, but 
tooth decay prevention can be only associated to the latter 
consumption. Besides that, sugar alcohols exhibit many 
health protection roles (Table 4).

All in all, both groups of sweeteners can be useful in dia-
betes management and are good option for people on low-
carbohydrate diet. The highest polyol intake can be associ-
ated with consumption of confectionery products, fish/meat 
product and miscellaneous foods. However, such estimates 
might differ in dependence on scenario adopted for exposure 
modeling [125]. Overconsumption of polyols can be only of 
concern in view of digestive comfort, while artificial sweet-
eners must be always estimated with respect to the maxi-
mum amounts allowed, which are considered safe for human 
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consumption. Therefore, it might be worth using sugar 
alcohols in food products marketed to patients with diabe-
tes and individuals considering energy restricted diets more 
frequently but bearing in mind their gastrointestinal effects. 
However, optimal diet should be based on fresh unprocessed 
foods with the minimal amounts of food additives, and then 
the sugar replacers such as sugar alcohols or even artificial 
sweeteners will not have a significant role in the daily diet.

Conclusion

Due to increasing epidemic of obesity and diabetes, it is 
important to educate consumers to make reasonable and 
healthy food choices. Consumption of added sugars has 
risen dramatically over the past few decades and has nega-
tively contributed to human health. Foods rich in added 
sugar contribute mainly extra calories to diet usually with-
out nutritional value. Unfortunately, people crave sweet-
ness, and thus, sugar substitutes have drawn attention of 
consumers as well as producers and dieticians. However, 
human body response is not identical when we compare 
artificial sweeteners with those of natural origin, espe-
cially sugar alcohols that characterize with many attractive 
properties not only to producers but also to consumers. As 
these compounds are new, there is a need for education as 
products containing polyols are a rapidly growing category 
of nutraceuticals and functional food. Therefore, there is a 
constant need for studies regarding sugar alcohols metabo-
lism and physiological effects on human bodies.
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