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Abstract
The key role of carbohydrates in nutrition is to de-

liver energy to the body. Until recently, debates on

preferred types of carbohydrates as opposed to

those that should be avoided focused mainly on a

simple food chemistry approach. This approach

does not reflect physiology, although it is used for

food labelling and analysis purposes. It is the me-

tabolism of carbohydrates that counts when we

consider the increasing burden of non-communi-

cable diseases. Since carbohydrates are the largest

macronutrient category, with a recommended in-

take of 55%–75%, their influence is significant. Di-

gestibility, availability, speed of absorption and

metabolic pathways are key. It is the quality of car-

bohydrates that matters and a low glycaemic diet

that counts. Tasty, lower glycaemic food can be

achieved in various ways. Reducing the blood glu-

cose response of available carbohydrates by modi-

fication of the glucose supply can be achieved by

processing, by influencing the gastrointestinal pas-

sage and by a smart choice of ingredients: by se-

lecting low glycaemic and slow-release carbohy-

drates. An alternative route is the replacement of

available carbohydrates by partially or non-avail-

able carbohydrates, such as dietary fibre or tradi-

tional sugar replacers.

Introduction
The key role of carbohydrates in nutrition is to de-

liver energy to the body, as the body’s fuel is glu-

cose. According to the European Food Safety Au-

thority’s nutrient intake recommendations, the

carbohydrate content in the daily diet should be

between 40% and 60% of energy intake [1]. On a

global basis, the World Health Organization (WHO)

postulates that 55%–75% of energy intake should

come from carbohydrates, 15%–30% from fat and

10%–15% from protein [2].

Until recently, debates on preferred types of carbo-

hydrates as opposed to those which should be

avoided focused mainly on a simple food chemistry

approach and the belief that “simple” carbohy-

drates (i.e., mono- and disaccharides) should be re-

duced and “complex” carbohydrates (this term is

often used for carbohydrates from starchy foods

and refers to a longer-chain carbohydrate structure

[polysaccharides]) are recommended. Although this

food chemistry approach is often applied for food
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available in large amounts throughout the length

of the small intestine.

Figure 1 illustrates the degree of digestibility of a

number of carbohydrates that are structured by

their chemical classification as sugars, oligosaccha-

rides and polysaccharides. The figure clearly visu-

alises that it is not the chemical structure that de-

termines the degree of digestibility. This becomes

even more obvious when looking at some individ-

ual postprandial blood glucose response curves and

GI/GL tables. Starchy foods like cooked potatoes

or steamed rice are immediately available, even

though the carbohydrates are of a polysaccharide

type. Some other carbohydrates have low digestibil-

ity, i.e., they are only partially available in the small

intestine or even non-digestible (i.e., not available

in the small intestine). Examples for low-digestible

carbohydrates are polyols; examples for non-di-

gestible carbohydrates are dietary fibres such as re-

sistant starches or inulin-type fructans (inulin,

oligofructose) from chicory. The non-digestible car-

bohydrates escape digestion and absorption and

travel along the small intestine untouched. Most

of them are then fermented by the gut microflora

in the large intestine. The higher the content of

non-digestible parts in a carbohydrate mixture in

a food (replacing digestible carbohydrates), the

lower the glycaemic response of that food when

measuring blood sugar. Whilst the vast majority of

carbohydrates are rapidly available and correspond-

ingly high glycaemic, there is one innovative car-

bohydrate that is fully available in the small intes-

tine but is slowly hydrolysed by the enzymes in

the small intestine, i.e., four to five times more

slowly, leading to a low glycaemic response. This

carbohydrate is isomaltulose (Palatinose™), a dis-

accharide with a glucose and a fructose unit that

are linked by an α-1,6-glycosidic binding, which

takes more time to be digested. In fact, fully avail-

able carbohydrates are high glycaemic; a lower gly-

caemic profile can only be achieved by increasing

the non-digestible part of the total carbohydrate

content (= escaping small intestine absorption =

labelling and food control analytics, it does not

meet today’s requirements and does not reflect

physiology at all. How nutrients are digested and

absorbed, how quickly they enter the body, the

way they are metabolised, and the way hormones

and other biomarkers are influenced by this all play

a major role in healthy eating and a healthy

lifestyle on the one hand and in the development

of non-communicable diseases on the other hand.

As carbohydrates are the largest macronutrient cat-

egory, their influence on metabolism is significant;

until recently, however, the attention this nutrient

group received from a physiological point of view

was minor. Consumers still receive food chemistry

messages with a simple differentiation between sug-

ars and starches, if anything. Health-care profes-

sionals often avoid communication on the blood

glucose effect of food, glycaemic index (GI) and

glycaemic load (GL) information, as they consider

it too complex for the consumer. Consequently,

consumers are still misled by the message that all

sugars are bad and all starches are good. 

The quality of carbohydrates counts
A fresh analysis of what is really needed leads to a

debate among health-care professionals about the

quality of carbohydrates, focussing on the individ-

ual physiological properties of various carbohy-

drates. The top parameters to monitor are digestibil-

ity and the influence on the blood glucose profile,

as well as the related insulin response, on a short-

and long-term basis.

Digestibility of carbohydrates
The characteristics of the digestibility of a carbohy-

drate reflect its uptake by the body and consequently

influence the blood glucose and insulin response.

The term ‘digestibility’ generally addresses the di-

gestion process in the human small intestine. To

be absorbed, a carbohydrate needs to be broken

down into its monosaccharide units. Only mono-

saccharides can enter the body for metabolism. En-

zymes specialising in carbohydrate breakdown are
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• a smart choice of low glycaemic but fully avail-

able alternatives: isomaltulose

The last option mentioned is the most recent, since

isomaltulose was introduced to the EU market in

2005 after approval as a Novel Food [3]. To build

up knowledge about isomaltulose, the emerging

physiological profile of this innovative, unique in-

gredient is described here. It provides real incentives

for development of innovative products supporting

healthy nutrition.

Isomaltulose: a unique innovative carbohydrate
The key physiological features in a nutshell
Isomaltulose is a sugar-type carbohydrate with a

unique combination of physiological properties: 

• Completely available carbohydrate and glucose

supplier (4 kcal/g) 

• Slow release of energy 

• Low effect on blood glucose (GI: 32) and insulin

(insulin index [II]: 30)

• Balanced and prolonged glucose supply 

loss of available energy and increase in large intes-

tine load for fermentation processes). 

The uniqueness of isomaltulose is obvious: its low

glycaemic property stems from its slow but complete

digestion in the small intestine. Carbohydrate en-

ergy from isomaltulose enters the body in a slow,

low and sustained way; in total, energy delivery is

complete and no carbohydrate load reaches the large

intestine (i.e., no gastrointestinal distress occurs). 

Improvement of quality of physiological
carbohydrates by reducing the blood glucose
response of available carbohydrates:
modification of glucose supply
A reduction of the blood glucose response of avail-

able carbohydrates by modifying the glucose supply

can be achieved by 

• specific processing techniques (starch and baking

process)

• some viscous soluble fibres when used in high

amounts

Nutrafoods (2013) 12:127-135
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Figure 1 The chemical classification classifies carbohydrates according to their degree of polymerisation (DP), i.e., the number 
of monosaccharide units linked together. It does not reflect the physiological properties of carbohydrates and their effect 
on blood glucose levels. The digestibility and related physiological properties of those carbohydrates can vary widely 
within each group, as indicated by the yellow and green colors

Polyols/sugar 
replacers

1 Saccharides that might be highly digestible or low- or non-digestible depending on processing (starch) or physiological influencing factors like e.g. down-regulation 
  of enzymes (lactose), or limited absorption properties (fructose)

Galactose

Sorbitol
Mannitol
Xylitol

Lactose1

Isomaltulose (Palatinose™)

Sucrose

Isomalt
Maltitol

Maltitol syrup
Hydrogenated Starch Hydrolysate

Galacto-oligosaccharides

Fructose1 Fructo-oligosaccharides

Malto-oligosaccharides/maltodextrin

Resistant starch

Non-starch polysaccharides: 
- Cellulose
- Hemicellulose
- Pectins
- Inulin

Starch1

- Amylose
- Amylopectin

Glucose Maltose

LOW-/NON- digestibleHIGHLY digestible SLOWLY and FULLY digestible

Polysaccharide
(DP >9)

Sugars (DP 1-2) Oligosaccharide 
(DP 3-9)Monosaccharide Disaccharide



130

bond, which is much stronger and stable against

enzymatic or acid influences (see Fig. 2). This is the

basis of the key physiological characteristics as well. 

Isomaltulose: key physicochemical properties 
and stability
Isomaltulose has the following physicochemical

properties [7,8]:  

• Taste and appearance are similar to sucrose, pro-

viding a natural and refreshing perception of

sweetness quickly and without aftertaste. 

• Its sweetening power, in comparison to a 10%

sucrose solution, is about 50%. Isomaltulose pro-

vides a mild sweetness without reducing the vol-

ume and the “body” of a food or beverage. 

• In an aqueous solution, the viscosity of sucrose

and isomaltulose are similar.

• The solubility of isomaltulose is 29% (20°C, aque-

ous solution).

• The melting temperature is lower (120–128°C)

than that of sucrose (160–185°C). 

• It shows very good stability under acidic condi-

tions, for instance in beverages, upon thermal

treatment or in a bacterial environment. 

• It is not hygroscopic and the powder has excel-

lent flowability. 

• Its shelf life is comparable to that of sucrose when

stored under dry conditions and moderate tem-

peratures. 

• Higher contribution to fat oxidation in energy

metabolism 

• Kind to teeth

Table 1 provides the key features of isomaltulose

in a brief overview following the pathway of food

through the body – from the mouth to the faeces

including metabolic aspects.

The low/reduced glycaemic properties of isomal-

tulose and its potential to reduce the glycaemic re-

sponse of foods when replacing other sugars (par-

tially or completely) have been confirmed by a

positive EFSA opinion [4] and the approval of a

corresponding health claim in the European Union,

laid down in the Annex of Regulation EC 432/2012.

In addition, its toothfriendliness has been con-

firmed by the FDA approval of a corresponding

dental health claim in the US Code of Federal Reg-

ulations (21CFR §101.80) and by a positive EFSA

opinion in the EU [4], with a corresponding claim

approved in the Annex of Regulation EC 432/2012.

Where isomaltulose comes from
Isomaltulose occurs naturally in small quantities in

honey and sugarcane juices [5,6]. On a large scale,

isomaltulose is produced by BENEO GmbH, a 100%

subsidiary of Südzucker, from sugar extracted from

sugar beet by an enzymatic step (non-GMO) that

shifts the bond between the glucose and fructose

moiety from an α-1-2- into an α-1,6-glycosidic

Nutrafoods (2013) 12:127-135

1 3 Healthcare

Table 1 Physiological properties of isomaltulose

Type of key studies Demonstrated physiological properties

Mouth pH-telemetry Does not promote dental caries

Small intestine

Hydrolysis Enzyme kinetics (in vitro) Slow hydrolysis into glucose+fructose (4–5 times slower than sucrose)

Absorption Ileostomy study Virtually complete hydrolysis and absorption within the small intestine

Blood glucose response Slow increase, low glycaemic response
Glucose (energy) delivery over a prolonged period of time 

Insulin response Low insulin response 

GI 32

Large intestine Gastrointestinal tolerance No distress even at high levels (e.g., 120 g in a sports study)

Metabolism Respiratory quotient Promotes fat burning
Body composition Loss of body fat and body weight/prevention of weight gain
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teristics with respect to digestion, absorption, blood

glucose response and subsequent effects on insulin

release and metabolic regulation [9]: 

• As a disaccharide carbohydrate, isomaltulose re-

quires intestinal digestion prior to the absorption

of its monosaccharide constituents into the blood

and the body. 

• The α-1,6 linkage in isomaltulose is more slowly

digested by intestinal enzymes than the α-1,2 link-

age in sucrose (by a factor of about 4–5) or the α-

1,4 linkage in maltose-type starch digestion prod-

ucts (by a factor of about 8–10), resulting in a slower

release of glucose and fructose into the blood. 

• Digestion and absorption are nevertheless essen-

tially complete by the end of the small intestine,

thus isomaltulose is a fully available carbohy-

drate, i.e., it provides the same energy as other

available carbohydrates like sucrose or maltodex-

trin: 4 kcal/g. 

• The slower yet complete digestion and absorption

are reflected in the blood glucose response in the

form of a slower and overall lower rise in blood

glucose levels. 

• The lower blood glucose response is associated

with less insulin release. 

Isomaltulose has good heat stability upon processing

and it is stable in acidic conditions and in a bacterial

environment, for instance, in the presence of lactic

bacteria in dairy applications. Therefore, isomaltulose

is not expected to undergo significant hydrolytic

changes on processing or as an ingredient in typical

food product applications over the course of time.

Under the physiological conditions in the stomach

(37°C, 3 h, pH 1 and 2), isomaltulose showed no

hydrolysis, whereas sucrose was degraded to 55%

and 7%, respectively. The high stability of isomal-

tulose in food applications and its complete bioavail-

ability to the human body are essential features of

the mechanism behind its physiological benefits. 

Isomaltulose can be used in food products as a low

glycaemic carbohydrate source for the purpose of

reducing the glycaemic and insulinaemic properties

of foods. 

Isomaltulose as a slow-release, fully available
carbohydrate energy supply in a slower, more
balanced way and over a longer period of time 
than conventional carbohydrates
The slow release and low glycaemic properties of

isomaltulose are based on its physiological charac-
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Figure 2 Enzymatic rearrangement of sucrose to Palatinose™ (isomaltulose)
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have also been observed in the study by Liao et al.

[13] (non-insulin-dependent type 2 diabetes melli-

tus, in comparison to sucrose) and in the studies by

West et al. [14] and Bracken et al. [15] (type 1 dia-

betes mellitus, in comparison to dextrose).

Considering the prevalence of impaired glucose

tolerance and diabetes mellitus in the general pop-

ulation, the specific population groups covered by

the totality of these studies can be regarded as rep-

resentative of the general population.

The low glycaemic and low insulinaemic properties

of isomaltulose described above are associated with

further related physiological benefits, demon-

strated in a growing number of acute and long-

term studies:

• Improved glucose supply: The slower glucose re-

lease and resulting lower rise in blood glucose

levels are associated with a more balanced supply

of glucose over a longer period of time – a “sus-

tained energy” supply. 

• Improved metabolic regulation: The lower insulin

release after isomaltulose intake leads to less se-

vere metabolic changes in the postprandial phase.

The hormone insulin plays a key role in the meta-

bolic regulation after food intake: being released

upon rising blood glucose levels, insulin promotes

the uptake of nutrients from the blood into cells

and their subsequent storage. Moreover, it pro-

motes the predominant use of carbohydrates and

suppresses the utilisation of fat sources in energy

metabolism. Whereas high insulin levels triggered

by the consumption of medium to high gly-

caemic carbohydrates are associated with a more

extensive switch towards nutrient storage and

suppression of fat utilisation, isomaltulose pro-

vides carbohydrate energy in a more balanced

way with less insulin release and, subsequently,

less severe metabolic changes. 

• Energy partitioning and fat utilisation: The low-

ering effect of isomaltulose on blood glucose and

insulin levels leads to a higher fat utilisation in

energy metabolism. In other words, isomaltulose

promotes fat oxidation when consumed in place

In this way, isomaltulose differs from sucrose, glu-

cose syrups (starch hydrolysates) and other tradi-

tional readily available carbohydrates, which com-

monly show a rapid rise in blood glucose levels to

high concentrations, followed by a high insulin re-

lease and an insulin-induced rapid return of blood

glucose to baseline levels and below. Using the low

glycaemic carbohydrate isomaltulose instead of tra-

ditionally more frequently used high glycaemic

carbohydrates can reduce the postprandial blood

glucose response of foods. Carbohydrate-based

foods with reduced glycaemic properties provide

valuable alternatives that contribute to lower blood

glucose excursions within a carbohydrate-based

diet as recommended by nutritional guidelines.

Effect of isomaltulose on blood glucose and insulin
levels: summary of human intervention studies
Numerous human intervention studies compared

the blood glucose response of isomaltulose with

that of sucrose or other traditional readily available

carbohydrates. The majority of studies examined

the corresponding insulin response in parallel. A

range of ages from 18 years to elderly was covered

and studies were conducted in various regions of

the world (Europe, Asia, North America and Aus-

tralia). Intake levels were between 75 g and 10 g,

mainly in beverage-type applications, although

other matrices were measured as well.

Isomaltulose showed a lower blood glucose re-

sponse than equal amounts of sucrose or maltodex-

trin in all of these studies and, in parallel, a lower

and reduced insulin response.

Most of the studies were conducted in healthy adults

of normal weight. The study in overweight to obese

adults [10], the study in overweight and obese indi-

viduals with impaired glucose tolerance [11] and

the study with diabetic individuals predominantly

treated by diet alone [12] all confirm the lower effect

of isomaltulose on blood glucose and insulin con-

centrations in comparison with sucrose for these

population groups. Lower blood glucose responses

with isomaltulose in adults with diabetes mellitus

Nutrafoods (2013) 12:127-135
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to health and the prevention and management of

glucose tolerance impairments. 

Improvement of the quality of physiological
carbohydrates by replacement of available
carbohydrates with partially or non-available
carbohydrates: reduction of glucose supply
While in the case of isomaltulose a reduction of

the blood glucose response was achieved by the

modification of glucose supply via a smart choice

of low glycaemic alternatives (i.e., isomaltulose),

the other aspect that needs to be highlighted fol-

lows the principle of replacing available carbohy-

drates with partially or non-available carbohy-

drates. This leads to a reduction of glucose supply

and thus to lower glycaemic and insulinaemic re-

sponses. This approach is relevant for classical sugar

replacers like isomalt or other polyols. It is also rel-

evant for some dietary fibres, i.e., inulin including

oligofructose where the replacement of sugars is

technically feasible with excellent sensorial results.

This means, at the same time, enrichment by di-

etary fibres, which is an additional benefit.

Lower blood glucose response by reducing glucose
supply via a cup-by-cup replacement of sucrose 
by isomalt or other polyols
Isomalt is a hydrogenated carbohydrate, made from

sugar. It is a low-digestible carbohydrate, i.e., the

vast majority passes the small intestine and reaches

the large intestine where it is fermented to short-

chain fatty acids. It has a very low effect on blood

sugar and does not trigger insulin release to any

significant extent. If calculated as an available car-

bohydrate qualifying for a GI calculation, the GI

would be 2 [25]. 

Isomalt and other polyols have a history of use in

particular in diets for diabetics as this was the tradi-

tional target group interested in low glycaemic re-

sponse food. The physiological properties of polyols

are reviewed in Livesey [26]. Even the replacement

of only 30 g of sucrose by 30 g of isomalt leads to a

significant improvement of long-term blood glucose

of readily available high glycaemic carbohydrates.

This effect has been demonstrated for isomal-

tulose in several human intervention studies in

different population groups including healthy

[16] and overweight to obese adults [10,11] as

well as in trained athletes. It is somewhat unique

to isomaltulose because of the limited availability

of carbohydrates with low glycaemic properties

and the fact that it does not equally apply to

fructose because of its liver metabolism. Research

with isomaltulose has even shown benefits of the

lower and sustained glucose supply to the brain

and the working muscle with subsequent benefits

for mental and physical performance. 

• Weight management and body composition:

Longer-term feeding studies with isomaltulose or

isomaltulose-containing diets in rats and mice

indicated a significant effect of the nutritional

properties of isomaltulose on body fat disposition

and body weight [17–19]. Also, human studies

have given initial indications of beneficial effects

on less visceral fat accumulation with isomal-

tulose [20–22].

• Long-term blood glucose control: Some studies

found positive effects of sugar replacement by

isomaltulose on markers directly related to

longer-term blood glucose control and insulin

sensitivity such as glycated haemoglobin HbA1c

and oral glucose tolerance or insulin resistance

(HOMA-IR) [9,21–23]. 

• Cardiovascular risk: Effects of isomaltulose on

cardiovascular risk markers have also been ad-

dressed in studies with subjects of impaired glu-

cose control/diabetes and/or impaired lipid me-

tabolism [9,11,24]. None of these studies found

detrimental effects on blood lipids (including

cholesterol and low-density lipoprotein choles-

terol) or cardiovascular risk markers.

These are the reasons supporting the use of isomalt -

ulose in subjects willing to lower their postprandial

blood glucose response, taking advantage of the

benefits in modern energy management and per-

formance as well as the long-term benefits related

Nutrafoods (2013) 12:127-135
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cose supply) is the other route. Dietary fibre enrich-

ment and the use of traditional sugar replacers (poly-

ols) are the choices for non-available carbohydrates.

The consumer can expect continuous support from

the food industry, with innovative carbohydrates,

smart ingredient choices and a commitment to the

development of lower glycaemic food for a health-

ier and prevention-oriented lifestyle. 
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