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1. Introduction 

In current days, the way each of human beings live indicates his or her health in the future 
time. Many factors determine the risk of illnesses, or reversibly, the possibility of being 
healthy. Being physically active and consumption of appropriate diet are examples of daily 
routines that may influence the condition of an organism. Lack of physical activity, 
particularly if associated with over consumption, increases the risk of development of 
nutrition related chronic diseases, such as obesity, hypertension, cardiovascular diseases, 
osteoporosis, type II diabetes, and several cancers. Over the last decade, drastic changes 
have taken place in the image and assessment of the importance of the daily diet. Foods are 
no longer judged in terms of taste and immediate nutritional needs, but also in terms of 
their ability to improve the health and well-being of consumers. The role of diet in human 
health has led to the recent development of the so-called functional food concept. A 
functional food is dietary ingredient, that has cellular or physiological effects above the 
normal nutritional value. Functional food can contain probiotics and/or prebiotics. 

2. The prebiotic concept 

A number of different strategies can be applied to modify microbial intestinal populations. 
Antibiotics can be effective in eliminating pathogenic organisms within the intestinal 
microbiota. However, they carry the risk of side effects and cannot be routinely used for 
longer periods or prophylactically [17, 33]. 

The consumption of probiotics aims to directly supplement the intestinal microbiota with 
live beneficial organisms. Lactobacilli and bifidobacteria are numerically common members 
of the human intestinal microbiota, and are nonpathogenic, nonputrefactive, nontoxigenic, 
saccharolytic organisms that appear from available knowledge to provide little opportunity 
for deleterious activity in the intestinal tract. As such, they are reasonable candidates to 
target in terms of restoring a favorable balance of intestinal species [18, 85]. 
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Prebiotics represent a third strategy to manipulate the intestinal microbiota. Rather than 
supplying an exogenous source of live bacteria, prebiotics are nondigestible food 
ingredients that selectively stimulate the proliferation and/or activity of desirable bacterial 
populations already resident in the consumer’s intestinal tract. Most prebiotics identified so 
far are nondigestible, fermentable carbohydrates. Intestinal populations of bifidobacteria, in 
particular, are stimulated to proliferate upon consumption of a range of prebiotics, 
increasing in numbers by as much as 10–100-fold in faeces [9, 17]. 

3. Advantages and disadvantages of the prebiotic 

The prebiotic strategy offers a number of advantages over modifying the intestinal 
microbiota using probiotics or antibiotics. 

Advantages over probiotics [17]: 

 Stable in long shelf life foods and beverages; 
 Heat and pH stable and can be used in a wide range of processed foods and beverages; 
 Have physicochemical properties useful to food taste and texture; 
 Resistant to acid, protease, and bile during intestinal passage; 
 Stimulate organisms already resident in the host, and so avoid host/strain 

compatibilities, and the need to compete with an already established microbiota; 
 Stimulate fermentative activity of the microbiota and health benefits from SCFA (short 

chain fatty acids); 
 Lower intestinal pH and provide osmotic water retention in the gut. 

Advantages over antibiotics [18]: 

 Safe for long-term consumption and prophylactic approaches; 
 Do not stimulate side effects such as antibiotic-associated diarrhea, sensitivity to UV 

radiation, or liver damage; 
 Do not stimulate antimicrobial resistance genes; 
 Not allergenic; 

Disadvantages of prebiotics [17]: 

 Unlike probiotics, overdose can cause intestinal bloating, pain, flatulence, or diarrhea. 
 Not as potent as antibiotics in eliminating specific pathogens. 
 May exacerbate side effects of simple sugar absorption during active diarrhea. 

A consumed probiotic strain must compete with an already established microbiota, and in 
most cases they persist only transiently in the intestine. Individuals also harbor their own 
specific combination of species and unique strains within their intestinal bacteria suggesting 
that certain host–microbiota compatibilities exist. By targeting those strains that are already 
resident in the intestinal tract of an individual, the prebiotic strategy overcomes the need for 
probiotic bacteria to compete with intestinal bacteria that are well established in their niche 
[12, 17, 89, 103]. 



 
Resistant Dextrins as Prebiotic 263 

4. Definition of term “prebiotic” 

The term prebiotics was first introduced in 1995 by Gibson and Roberfroid, defining “non-
digestible food ingredient that beneficially affects the host by selectively stimulating the 
growth and/or activity of one or a limited number of bacteria in the colon, and thus 
improves host health” [33]. Definition brought up to date by Gibson specified prebiotic as 
“selectively fermented ingredient that allows specific changes, both in the composition 
and/or activity in the gastrointestinal microflora that confers benefits upon host well-being 
and health” [32]. Current definition of prebiotics was suggested during ISAPP experts’ 
meeting in 2008 and it states that prebiotic is “dietary prebiotic is a selectively fermented 
ingredient that results in specific changes, in the composition and/or activity of the 
gastrointestinal microbiota, thus conferring benefit(s) upon host health” [24, 44]. 

Substances with prebiotic properties have to possess following properties [42, 74, 114, 116]:  

 selectively stimulate growth and activity of chosen bacterial strains that have positive 
influence on health, 

 lower pH of the bowel content, 
 show positive for human spot action in the intestinal tract, 
 be resistant to hydrolysis, action of intestinal tract enzymes and gastric acids, 
 should not get soaked up in the upper part of the intestinal tract, 
 should act as a selective substrate for one or for determined amount of beneficial 

species of microorganisms in the colon, 
 should be stable in the process of food processing. 

In order to evaluate and reason, if the given product is a prebiotic, the source of the 
substance should be given, as well as its purity, chemical composition and structure. It is 
very important to specify the carrier, concentration and amount in which it should be given 
to the host. Relating to the newest definition of the prebiotic, it was decided to type out 
three main criteria that have to be fulfilled by the substance in order to include it to the 
group of prebiotics [24]. 

1. Substance (component) – it is neither an organism, nor a medicine; substance that may 
be characterized chemically; in most cases this is a nutrient component. 

2. Health benefits – calculable, exceeding any adverse effects. 
3. Modulation – represents, that the presence of the substance and the preparatory, in 

which it is handled, changes the composition or activity of host microflora. 

Prebiotics, similarly to other nutrient elements, have to fulfill certain safety parameters 
established in a given county. In the assessment of the final product following points should 
be taken into account [24, 39], (Figure 1): 

1. If according to the legislation in the country, the history of safe use of the product in 
host is known (GRAS or its equivalent). If yes, the conductance of the following 
toxicological tests on animals and humans may not be necessary. 

2. Safe, allowable norms for the consumption with minimal symptoms and adverse effects. 
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3. Product must not be infected and it should not contain any impurities. 
4. Prebiotic cannot change the microflora in such a way, to cause a long-lasting harmful 

effect on host. 

 
Figure 1. Guidelines to the assessment and proof of the action of prebiotics 

5. Criteria of prebiotics classification  

According to Wang [114] there are 5 most important basic criteria for classification of 
prebiotics (Figure 2). The first one assumes, that prebiotics are undigested in upper parts of 
intestinal tract and thus they are able to get to the large bowel where they can be fermented 
by potentially beneficial bacteria, which in the meantime meets the second criterion [61]. 
This fermentation may lead to increase in expression of short chain fatty acids, enlargement 
of faecal mass, some small reduction of large bowel pH, reduction of end nitrogen 
compounds and decrease of faecal enzymes, as well as general improvement of 
immunological system of host organism [17]. All these features contribute to improvement 
of consumer’s health, which is the third criterion for prebiotics. The following one, that has 
to be fulfilled for the product to be recognized as prebiotic, is selective stimulation of growth 
of bacteria potentially thought to be connected with health improvement [32]. In order to 
assess the ability of prebiotic to selectively stimulate positive bacteria of species 
Bifidobacterium and Lactobacillus, so-called Prebiotic Index (PI) was introduced, and it can be 
calculated from the following formula [71]: 
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PI = (Bif/Total) – (Bac/Total) + (Lac/Total) – (Clos/Total) 
Where: 
Bif – Bifidobacterium  
Bac – Bacteroides  
Lac – Lactobacillus  
Clos – Clostridium  
Total – total bacteria 

This PI allows to track the changes in the population in the given time in vitro conditions. At 
last, but not least, prebiotic should be able to survive the conditions in which the food 
would be stored, remain unchanged chemically and be accessible for bacteria metabolism 
[71]. 

 
Figure 2. Criteria for prebiotics classification 

6. Prebiotic mechanisms  

The impact of prebiotics on the organism is indirect, because prebiotics do not do anything 
healthy for it, but they improve microorganisms that are beneficial [43]. The mechanism of 
how prebiotics influence the human health is presented on the Figure 3. 

It is thought, that molecular structure of prebiotics is important taking into consideration the 
physiological effects, and that it determines which microorganisms are actually able to use 
that prebiotics. However, the way and progress of the stimulation of bacterial growth still 
remains unknown. 

The most important function of prebiotic action is its influence on the microorganisms’ 
growth and number in the large bowel [55, 90]. Going further, the tests have been 
conducted in order to investigate the potential ant pathogenic and anticancer action of 
prebiotics, their ability to decrease the presence of large bowel diseases [57]. A lot of 
different potential beneficial influences on human organisms are being sought, and those 
are, among the others: increase of the volume and improvement of stool moisture, 
lowering of the cholesterol level, decrease of the amount long chain fatty acids in bowels, 
decrease of pH in bowels, increase of mineral compounds absorption and raised short 
chain fatty acids production [1, 21, 90, 114], and the mechanism can be observed on the 
Figure 4. 
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Figure 3. Proposed mechanism of prebiotic action 

7. Production of prebiotics 

Some prebiotics can be extracted from plant sources, but most are synthesized commercially 
using enzymatic or chemical methods. Overall, prebiotics are manufactured by four major 
routes (Table 1). Food-grade oligosaccharides are not pure products, but are mixtures 
containing oligosaccharides of different degrees of polymerization (DP), the parent 
polysaccharide or disaccharide, and monomer sugars. Oligosaccharide products are sold at 
this level of purity, often as syrups. Chromatographic purification processes are used to 
remove contaminating mono- and disaccharides to produce higher purity oligosaccharide 
products containing between 85 and 99% oligosaccharides, which are often dried to 
powders [17]. 
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Figure 4. Mechanism of prebiotic action  

Approach Process Prebiotic Examples 
Direct extraction Extraction from raw plant 

materials 
Resistant starch from maize 
Inulin from chicory 
Soybean oligosaccharides from  
 soybean whey 

Controlled hydrolysis Controlled enzymatic 
hydrolysis of 
polysaccharides; may be 
followed chromatography to 
purify the prebiotics 

Fructooligosaccharides from 
 inulin 
Xylooligosaccharides from 
 arabinoxylan 

Transglycosylation Enzymatic process to build 
up oligosaccharides from 
disaccharides; 
may be followed by 
chromatography to purify 
the prebiotics 

Fructooligosaccharides from 
sucrose 
Galactooligosaccharides from 
lactose 
Lactosucrose from 
lactose + sucrose 

Chemical processes Catalytic conversion of 
carbohydrates 

Lactitol from hydrogenation of 
lactose  
Lactulose from alkaline 
isomerization of lactose 

Table 1. Production of prebiotic carbohydrates 
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Carbohydrate Chemical structure 
 

Degree of 
polymerisati
on 

Method of manufacture 

Inulin β(2-1)-Fructans 
 

2 - 65 Extraction from chicory root 
and Agave tequilana. 

Fructooligosaccharides 
(FOS) 

β(2-1)-Fructans 2 - 9 Transfructosylation from 
sucrose or 
hydrolysis of chicory inulin. 

Galactooligosaccharides 
(GOS) 

Galactose oligomers 
and 
some glucose/ 
lactose/ galactose 
units 

2 - 5 Produced from lactose by 
β-galactosidase. 

Soya-oligosaccharides Mixture of raffinose 
and 
stachyose 

3 - 4 Extracted from soya bean 
whey. 

Xylooligosaccharides 
(XOS) 

β(1–4)-Linked 
xylose 

2 - 4 Enzymatic hydrolysis of xylan. 
Enzyme 
treatments of native 
lignocellulosic 
materials. Hydrolytic 
degradation of 
xylan by steam, water or dilute 
solutions of mineral acids. 

Isomaltooligosaccharid
es (IMO) 

α(1–4)-glucose and 
branched α(1–6)-
glucose 

2 - 8 Microbial or enzymatic 
transgalactosylation of maltose. 
Enzymatic synthesis from 
sucrose. 

Dextrins Mixture of
glucose-containing 
oligosaccharides

Various Chemical modification of 
starch. 

Table 2. Main candidates for prebiotic status 

Different manufacturing processes also produce slightly different oligosaccharide 
mixtures. For example, FOS mixtures produced by transfructosylation of sucrose contain 
oligosaccharides between three and five monomer units, with the proportion of each 
oligosaccharide decreasing with increasing molecular size. These oligosaccharides 
contain a terminal glucose with β-12 linked fructose moieties. FOS produced by the 
controlled hydrolysis of inulin contain a wider range of β-12 fructooligosaccharide 
sizes (DP 2–9), relatively few of which possess a terminal glucose residue. Even different 
b-galactosidases used in the production of GOS will produce oligosaccharide mixtures 
with different proportions of β-14 and β-16 linkages. Hence, there can be some 
diversity between the structures of oligosaccharides produced by different 
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manufacturers. The precise impact of these differences in their health effects remains to 
be determined [17, 100].  

There are many oligosaccharides under investigation for their prebiotic potential. 
Fermentation of some oligosaccharides is not as selective as that of FOS, and their prebiotic 
status therefore remains in doubt. The main candidates for prebiotic status is provided in 
Table 2 [26]. There is, therefore, a need for new prebiotic substances of distinct, selective 
stimulation of growth of lactic acid bacteria, and non-fermented or slightly fermented by 
other, sometimes pathogenic intestinal bacteria. The search for functional food or functional 
food ingredients is beyond any doubt one of the leading trends in today’s food industry.  

8. Resistant dextrins as prebiotics 

8.1. Resistant starch  

Resistant starch (RS) includes the portion of starch that can resist digestion by human 
pancreatic amylase in the small intestine and thus, reach the colon. The general behaviour of 
RS is physiologically similar to that of soluble, fermentable fibre, like guar gum. The most 
common results include increased faecal bulk and lower colonic pH and improvements in 
glycaemic control, bowel health, and cardiovascular disease risk factors, so it has shown to 
behave more like compounds traditionally referred to as dietary fibre [31, 60, 97, 126]. 

Resistant starch is found in many common foods, including grains, cereals, vegetables 
(especially potatoes), legumes, seeds, and some nuts [31, 35]. 

Resistant starch may not be digested for four reasons [30, 38, 60]: 

 this compact molecular structure limits the accessibility of digestive enzymes, various 
amylases, and explains the resistant nature of raw starch granules. The starch may not 
be physically bio accessible to the digestive enzymes such as in grains, seeds or tubers, 

 the starch granules themselves are structured in a way which prevents the digestive 
enzymes from breaking them down (e.g. raw potatoes, unripe bananas and high-
amylose maize starch), 

 starch granules are disrupted by heating in an excess of water in a process commonly 
known as gelatinization,  which renders the molecules fully accessible to digestive 
enzymes. Some sort of hydrated cooking operation is  typical in the preparation of 
starchy foods for consumption, rendering the starch rapidly digestible. However, if 
these  

 starch gels are then cooled, they form starch crystals that are resistant to enzymes 
digestion. This form of  “retrograded” starch is found in small quantities 
(approximately 5%) in foods such as ‘‘corn-flakes” or cooked and  cooled potatoes, as 
used in a potato salad. 

 selected starches that have been chemically modified by etherisation, esterisation or 
cross-bonding, cannot be  etherisation, esterisation or cross-bonding, cannot be broken 
down by digestive enzymes. 
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Resistance starch is the sum of starch itself and products of her decomposition, that are 
neither being digested nor absorbed in the small bowel of healthy human [23]. Resistant 
starch is the difference between amount of the starch exposed to the action of amylolytic 
enzyme complex and the amount of starch decomposed to glucose during hydrolysis 
performed by those enzymes [83, 123]. 

RS = TS – (RDS + SDS) 

Where: 
RS – resistant starch  
TS – total starch  
RDS – rapidly digestible starch  
SDS – slowly digestible starch 
Few types of digestible starch are recognized nowadays [36, 52, 113].  

Resistant starch of type 1 – RS1 covers the starch in plant cells with undestroyed cell walls. 
This starch is unavailable for digestive enzymes present in human intestinal tract, and thus 
together with fragments of plant tissues passes through the small bowel getting to the large 
bowel untouched, and there it can undergo fermentation [70, 104]. RS1 is heat stable in most 
normal cooking operations, which enables its use as an ingredient in a wide variety of 
conventional foods [31]. 

Resistant starch type 2 – RS2 is composed of native starch granules from certain plants 
containing uncooked starch or starch that was gelatinized poorly and hydrolyzed slowly by 
R-amylases (e.g., high-AM corn starches). RS2 covers scoops of raw starch of some plant 
species, especially high-amylase corn, potato and banana [70, 104]. Huge size of raw potato 
flour scoops and hence combined with it limited area of the access for enzymes was 
considered as the cause of its resistance [73]. But the main reason for the resistance of the 
raw starch of some plant species on amylolytic enzymes is the structure of its scoops and 
crystallization type B that us present within them (in the scoop of potato and corn starch). 
Also other elements of the scoop structure have an impact on the resistance of the starch – 
such as the shape of the area, size of pores or susceptibility of the starch to germinate. A 
particular type of RS2 is unique as it retains its structure and resistance even during the 
processing and preparation of many foods; this RS2 is called high-AM maize starch [31, 
117]. 

Resistant starch type 3 – RS3 covers the substance precipitated from pap or starch gel during 
the process of retrograding. During the germination of the starch in the lowered 
temperature and with the proper concentration (1.5% amylose, 10% amylopectin) colloidal 
solution is formed. Stable starch phase existing as double helix forms reticular structure 
binding water phase in its ‘eyes’. During the storage of the gel (few hours in lowered 
temperature) helixes undergo aggregation forming thermally stable crystal structures. Such 
structures show the resistance to amylolytic enzymes [66, 104]. RS3 is of particular interest, 
because of its thermal stability. This allows it to be stable in most normal cooking 
operations, and enables its use as an ingredient in a wide variety of conventional foods [15]. 



 
Resistant Dextrins as Prebiotic 271 

During food processing, in most cases in which heat and moisture are involved, RS1 and 
RS2 can be destroyed, but RS3 can be formed. Storey et al. [99], classified a soluble 
polysaccharide called ‘retrograded resistant maltodextrins’ as type 3 RS. They are derived 
from starch that is processed to purposefully rearrange or hydrolyze starch molecules, and 
subsequent retrogradation, to render them soluble and resistant to digestion. This process 
results in the formation of indigestible crystallites that have a molecular similarity to type 3 
RS but with a smaller degree of polymerization as well as a lower MW, converting a portion 
of the normal α- 1,4-glucose linkages to random 1,2-, 1,3-, and 1,4-α or β linkages [25, 31,64]. 

The definition of presented forms of resistant starch may be presented according to the 
formulas [83]: 

RS1 = TS – (RDS + SDS) – RS2 – RS3 

RS2 = TS – (RDS + SDS) – RS1 – RS3 

RS3 = TS – (RDS + SDS) – RS2 – RS1 

Where: 
RS1 – resistant starch type 1  
RS2 – resistant starch type 2  
RS3 – resistant starch type 3  
TS – total starch 
RDS – rapidly digestible starch  
SDS – slowly digestible starch  

Resistant starch type 4 – RS4 covers the starch chemically or physically modified and 
achieved by combination of these two processes. During chemical modification new 
functional groups are brought into the starch chain, and they bind to glucose residues. 
Presence of the substituents and spatial changes in the chain prevent proper functioning of 
human digestive enzymes. In physical method, during warming of starch in high 
temperature process of dextrinization occurs, and it may also occur in the presence of acid 
as a catalyst. One of the products of dextrinization is free glucose, which binds to the chains 
randomly. As a result of such process between glucose residues, bonds typical for starch 
and those normally not existing in its chains, arise [13, 70, 124]. 

Resistant starch type 5 – RS5 is an AM-lipid complexed starch [31, 46], which is formed from 
high AM starches that require higher temperatures for gelatinization and are more 
susceptible to retrograde [20, 31]. In general, the structure and amount of starch-lipid in 
foods depend on their botanical sources. Also, Frohberg and Quanz [29] defined as RS5 a 
polysaccharide that consists of water-insoluble linear polyα- 1,4-glucan that is not 
susceptible to degradation by alpha-amylases. They also found that the poly-α-1,4-D-
glucans promote the formation of short-chain fatty acids (SCFA), particularly butyrate, in 
the colon and are thus suitable for use as nutritional supplements for the prevention of 
colorectal diseases [31]. 
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RS is the fraction of starch which is not hydrolyzed to D-glucose in the small intestine within 
120 min of being consumed, but which is fermented in the colon. Many studies have shown 
that RS is a linear molecule of a-1,4-D-glucan, essentially derived from the retrograded AM 
fraction, and has a relatively low MW (1.2 x 105 Da) [31]. 

Resistant starch obtained during chemical or physical modification is being investigated 
nowadays, due to the fact that it possesses some specific physical properties, as well as 
because of its health benefits [49, 86, 87, 96]. During chemical modification functional groups 
are introduced to the starch molecule, which then leads to the changes of physical and 
chemical properties of obtained product, and also it lowers the availability of the starch to 
amylolytic enzymes, because new functional groups prevent occurring of the enzyme-
substrate complex [7]. Chemical modification was found to be advantageous method of 
decrease of starch digestion, and therefore starch modified chemically may be the source of 
resistance starch RS4 [15, 36, 70]. 

8.2. Resistant dextrin  

Resistant dextrins are defined as short chain glucose polymers, without sweet taste and 
performing strong resistance to hydrolytic action of human digestive enzymes [68]. In 
accessible throughout the whole products (resistant dextrin Nutriose, Fibersol) bigger 
percentage presence of (12)-, (13)-, (16)- α and β-glycoside bonds than in native starch 
which is the source of getting them [62, 115]. 

During warming of starch in high temperature, with or without addition of catalyst (usually 
acidic) dextrinization of starch is observed. Dextrinization is a complex process taking 
chemical side of it into account. It covers depolymerization, transglucolyzation and 
repolymerization [122]. 

During warming of wet starch random bonds (14) and rarely (16) hydrolytically break. 
Intermediate form in this reaction is either oxycarbonic ion, or free radicals [105]. 

Most probably, dextrinization undergoes the mixed mechanism. In case of warming of dry 
starch (or with a low moisture content), bonds (16) are made between two starch chains 
and intramolecular dehydration coincides, which results in development of 1,6-anhydro-β-
D-glucose. In such a way only extreme glucose units with free hydroxyl group within 
anomeric carbon atom may react. In both cases exuded water has hydrolytic character. With 
the temperature equal to about 290°C α-(14)-glycosidic bonds begin to break. However 
during dextrinization not only bond breaking is observed, but also the isomerization (e.g. 
through mutarotaion) or formation of new bonds. Hydroxyl groups at C-2, C-3 or C-6 
glucose unit act on oxycarbonic ions or free radicals and transglycolization, which is based 
on formation of (12), (13) and (16) bonds, undergoes. This process leads to formation 
of branched dextrins. Because of spherical considerations, and maybe also thermodynamic 
ones, formation of (16) bonds is privileged. 1,6-anhydro-β-D-glucose is formed, which 
easily forms polymers, leads to formation of 4-O-α-D-, 4-O-β-D-, 2-O-α-D- and 2-O-β-D-
glukopiranozylo-1,6-dihydro-β-D-glucopyranose [105, 122]. 
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In the next stage following reactions have to be taken into account: 

 reversion, that is the reaction between glucose units leading to formation of (16)-
glycosidic bonds, 

 reaction between (16)-anhydro-β-D-glucopyranose and free radicals with formation 
of 1,6-glycosidic bonds, 

 recombination. 

From all presented reactions the most characteristic and dominating one is 
transglycolisation. Formation of bonds other than typical for starch (14) and (16) causes 
that the received product becomes unavailable for human digestive enzymes and shows 
properties of resistant starch. 

In the presence of acidic catalyst dextrinization process progresses a bit differently. First the 
hydrolysis undergoes, and in the result of it (16) bonds break, but (14) bonds stay 
untouched. In this way, white dextrins are formed. Because (16) bonds are more resistant 
to hydrolysis than (14) bonds, these last ones undergo transformation into (16) bonds 
[105]. 

The role of basic catalyst in dextrinization process is not well known. The only thing know is 
that in this process deprotonating of hydroxyl groups at C-2 and C-3 is the first stage. In the 
presence of oxidating agents atom C-1 of terminal glucose units are being oxidized to 
carboxyl group [105]. Summing up, as a result of hydrolysis the reductive ends of the starch 
become glucose cations, which undergo intramolecular dehydration forming (16)-
anhydro-β-D-glucopyranose unit or they take part in formation of intermolecular bonds 
(transglycolization). As a result of this process random glycosidic (12), (13) bonds are 
formed [68]. Formation of bonds other than typical for starch, i.e. (14) and (16) causes 
that end product doesn’t undergo hydrolysis through the human digestive enzymes [115]. 

In the process of formation of resistant dextrin, piroconversion is the first stage, and it 
covers following steps: thermolysis, transglucolysis, regrouping and repolymerisation. 
Starch thermolysis leads to breaking of α-D-(14) and α-D-(16) glycosidic bonds, which 
then leads to the formation of of products with lower molecular mass and higher viscosity 
and reducing sugars content. After transglucolysis recombination of hydrolyzed starch 
fragments with free hydroxyl groups happens, and formation of strongly branched 
structures. Repolymerisation of glucose and oligosaccharides with formation of high 
molecular compounds is done in high temperature and presence of acidic catalyst (e.g. 
hydrochloric acid) [68]. Achieved pirodextrins are the mixture of poli- and oligosaccharides 
with a different degree of polimerisation (DP), and simultaneously with different molecular 
mass. Pirodextrins are subjected to enzymatic hydrolysis or chromatography – stages, which 
aim is to reduce the fractions other than typical for the starch (i.e. containing bonds other 
than α-D-(14) and α-D-(16) glycosidic ones [6, 81, 118].  

Chemical modification has long been known to inhibit in vitro digestibility of starch, the 
extent of which is related to the type and degree of modification, the extent of gelatinization, 
and the choice of enzyme [117, 119]. Starch phosphates [45], hydroxypropyl starches [51, 
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121], starch acetates [120], phosphorylated starch [86, 94, 119], and citrate starches [117, 124] 
have been tested for enzymatic degradation previously. In previous studies have been 
suggested that the substituted groups hindered enzymatic attack and thus also made 
neighboring bonds resistant to degradation. Chemical substitution of starch reduces its 
enzyme digestibility, probably because the bulky derivatizing groups sterically hinder 
formation of the enzyme-substrate complex [7]. The largest change in digestibility has been 
achieved through cross-linking of starch [119]. The application of organic acids, as citric acid 
and tartaric acid as derivatizing agents seemed to be profoundly safe. These acids are 
nutritionally harmless compared to other substances used for chemical modification [123]. 
When citrate starches were fed to rats no pathological changes could be found in 
comparison to native wheat and corn starches [117]. 

Potato starch in a natural form has limited possibilities to be used, and its chemical structure 
and physical properties give possibilities to many modifications, also those leading to 
formation of resistant substances to amylolytic enzymes. Big hopes are laid on usage of 
products with modified starch, especially resistant starch and resistant dextrin as substances 
with prebiotic properties. 

Kapusniak et al. [47] resistant dextrin was receive by simultaneous pyroconversion and 
chemical modification (esterification/ cross-linking) of potato starch in the presence of 
hydrochloric acid as catalyst of dextrinization process, and citric acid as derivatizing agent. 
Potato starch was modified by thermolysis in the presence of acid catalyst in a sealed 
container at 130°C for 180 min. The effect of addition of multifunctional polycarboxylic acids 
(citric and tartaric) on the progress of dextrinization process, structure and properties of 
resulting products was investigated [47]. It seems likely that probiotic activity will be 
exhibited by dextrin obtained by simultaneous thermolysis and chemical modification of 
potato starch in the presence of a volatile inorganic acid (hydrochloric acid) as a catalyst of 
the dextrinization process and an excess amount of an organic acid (tartaric acid) as a 
modifying factor. Kapuśniak et al. [47, 48] analyzed this dextrin in terms of the solubility 
and pH of its 1% aqueous solution, the content of reducing sugars, molecular mass 
distribution, weight average molecular mass using high performance size-exclusion 
chromatography (HPSEC), average chain length using high performance anion exchange 
chromatography with pulsed amperometric detection (HPAEC-PAD), and the content of the 
resistant fraction using the enzymatic-gravimetric method AOAC 991.43, the enzymatic-
gravimetric-chromatographic method AOAC 2001.03 [69], the enzymatic-
spectrophotometric method [23] and the pancreatin-gravimetric method [94]. It was shown 
that the use of tartaric acid in the process of starch thermolysis yielded acidic dextrin 
characterized by high water solubility (about 68%) and a high content of reducing sugars 
(about 29%). The studies showed that dextrin modified with tartaric acid did not contain 
any traces of unreacted starch, and the percentage share of the main fraction (having a 
weight average molecular mass of about 1.800 g/mol) was 80%. The average length of the 
carbohydrate chain in dextrin obtained with tartaric acid was 8.2 as determined by means of 
HPAEC. A study by Kapuśniak et al. [47] revealed that the content of the resistant fraction 
in dextrin modified with tartaric acid, determined by means of the AOAC 991.43, amounted 
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to 44.5%. However, results obtained by the Engllyst [43] enzymatic-spectrophotometric 
method showed that the actual content of the resistant fraction was above 68%. Kapuśniak 
et al. [47, 48] used the official AOAC 2001.03 method to determine the content of the 
resistant fraction in dextrin modified with tartaric acid. This method is the latest approved 
method for determining total content of dietary fiber in foods containing resistant 
maltodextrins. Apart from measuring the content of insoluble dietary fiber and the high 
molecular weight fractions of soluble fiber, this method makes it possible to determine 
resistant oligosaccharides (by using high-performance liquid chromatography, HPLC). The 
total content of dietary fiber in dextrin modified with tartaric acid was about 50% [47, 48]. In 
the Engllyst method, fractions undigested after 120 min are considered resistant. In the 
pancreatin-gravimetric method, similarly as in the Engllyst method, samples are digested 
with pancreatin, but resistant fractions are determined gravimetrically only after 16 h. In the 
case of dextrin modified with tartaric acid, the results of determination by the pancreatin-
gravimetric method (67%) were similar to those obtained in the previous studies using the 
Engllyst method (68%), but much higher than those obtained using the AOAC 2001.03 
method (50%) [43, 47]. The observed differences among the various methods in terms of the 
measured content of the resistant fraction in dextrin modified with tartaric acid was caused 
by the fact that, according to the latest reports, enzymatic-gravimetric methods (including 
AOAC 2001.03) using thermostable α-amylase can determine only part of resistant starch 
type 4 [124]. Based on the enzymatic tests, it can be argued that dextrin obtained using an 
excessive amount of tartaric acid may be classified as resistant starch type 4. 

8.3. Prebiotic effects of resistant starch and resistant dextrin  

Resistant starch has a long history of safe consumption by humans and is a natural 
component of some foods. Intakes vary but are generally low, particularly in Western diets. 
Similar to soluble fibre, a minimum intake of resistant starch (5 - 6 g) appears to be needed 
in order for beneficial reductions in insulin response to be observed. Estimates of daily 
intake of resistant starch range from 3 to 6 g/day (averaging 4.1 g/day) [4, 31]. As a food 
ingredient, resistant starch has a lower calorific (8 kJ/g) value compared with fully 
digestible starch (15 kJ/g) [31, 78], therefore it can be a substitutive of digestible 
carbohydrates, lowering the energy content of the final formulation. Some resistant starch 
products are also measured as total dietary fibre in standard assays, potentially allowing 
high-fibre claims [31, 35]. 

Resistant starch can be fermented by human gut microbiota, providing a source of carbon 
and energy for the 400 - 500 bacteria species present in this anaerobic environment and thus 
potentially altering the composition of the microbiota and its metabolic activities. The 
fermentation of carbohydrates by anaerobic bacteria yields SCFA, primarily composed of 
acetic, propionic, and butyric acids, which can lower the lumen pH, creating an environment 
less prone to the formation of cancerous tumours [31, 126]. 

RS consumption has also been related to reduced post-prandial glycemic and insulinemic 
responses, which may have beneficial implications in the management of diabetes, and is 
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associated with a decrease in the levels of cholesterol and triglycerides. Other effects of 
resistant starch consumption are increased excretion frequency and faecal bulk, prevention 
of constipation and hemorrhoids, decreased production of toxic and mutagenic compounds, 
lower colonic pH, and ammonia levels. Considering that nowadays several diseases result 
from inadequate feeding, and that some may be related to insufficient fibre intake, it is 
reasonable to assume that an increased consumption of indigestible components would be 
important [31]. 

Resistant starch enhance the ileal absorption of a number of minerals in rats and humans. 
Lopez et al. [59] and Younes et al. [128] reported an increased absorption of calcium, 
magnesium, zinc, iron and copper in rats fed RS-rich diets. In humans, these effects appear 
to be limited to calcium [16, 30, 107]. Resistant starch could have a positive effect on 
intestinal calcium and iron absorption. A study to compare the apparent intestinal 
absorption of calcium, phosphorus, iron, and zinc in the presence of either resistant or 
digestible starch showed that a meal containing 16.4% RS resulted in a greater apparent 
absorption of calcium and iron compared with completely digestible starch [30, 65]. 

Liu and Xu [58] showed that resistant starch dose-dependently suppressed the formation of 
colonic aberrant crypt foci only when it was present during the promotion phase to a 
genotoxic carcinogen in the middle and distal colon, suggesting that administration of 
resistant starch may retard growth and/or the development of neoplastic lesions in the 
colon. Therefore, colon tumorigenesis may be highly sensitive to dietary intervention. 
Adults with preneoplastic lesions in their colon may therefore benefit from dietary resistant 
starch. This suggests the usefulness of resistant starch as a preventive agent for individuals 
at high risk for colon cancer development [30, 58]. 

Short chain fructooligosaccharides (FOS) and resistant starch (RS) may act synergistically 
(by combining, and thus increasing, their prebiotic effects) [31, 79], the administration of the 
combination of FOS and RS induced changes in the intestinal microbiota, by increasing 
lactobacilli and bifidobacteria in caecum and colonic contents. Several types of prebiotic 
fibres can be distinguished considering their rate of fermentability. Such role depends on the 
carbohydrate chain length as it has been demonstrated in vitro in a fermentation system, 
showing that FOS are rapidly fermented whereas long chain prebiotic, like inulin, are 
steadily fermented. These observations have been confirmed in vivo once the different 
prebiotics reach the large intestine: FOS are rapidly fermented, whereas RS is slowly 
degraded. In consequence, the particular kinetics would determine the region of the 
intestine where the effects will be clearer. Thus, FOS would be more active in the first parts 
of the large bowel whereas RS would reach the distal part of the colon. In fact, Le Blay et al. 
[31, 50] have reported that administration of FOS or raw potato starch induces different 
changes in bacterial populations and metabolites in the caecum, proximal, and distal colon, 
as well as in faeces. As compared with RS FOS doubled the pool of faecal fermentation 
products, like lactate, while the situation was just the opposite distally. These observations 
confirm that each prebiotic shows particular properties, which should be considered before 
their application for intestinal diseases; thus, rapidly fermentable prebiotics are particularly 
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useful in those affecting the proximal part of the large intestine, while slowly fermentable 
prebiotics should be chosen for more distal intestinal conditions. Moreover, an association 
with different prebiotics with complementary kinetics should be considered when a health-
promoting effect throughout the entire colon is required. So, functional foods based on the 
combination of two different dietary fibres, with different rate of fermentability along the 
large intestine, may result in a synergistic effect, and thus, in a more evident prebiotic effect 
that may confer a greater health benefit to the host [31, 127]. 

Younes et al. [127] was to examine the potential synergistic effect of a combination of these 
two fermentable carbohydrates (inulin and resistant starch). For this purpose, thirty-two 
adult male Wistar rats weighing 200 g were used in the present study. The rats were 
distributed into four groups, and fed for 21 d a fibre-free basal purified diet or diet 
containing 100 g inulin, or 150 g resistant starch (raw potato starch)/kg diet or a blend of 50 
g inulin and 75 g resistant starch/kg diet. After an adaptation period of 14 d, the rats were 
then transferred to metabolic cages and dietary intake, faeces and urine were monitored for 
5 d. The animals were then anaesthetized and faecal Ca and Mg absorption were measured. 
Finally, the rats were killed and blood, caecum and tissues were sampled. Ca and Mg levels 
were assessed in diets, faeces, urine, caecum and plasma by atomic absorption spectrometry. 
The inulin and resistant starch ingestion led to considerable faecal fermentation in the three 
experimental groups compared with the control group diet. Moreover, both carbohydrates 
significantly increased the intestinal absorption and balance of Ca and Mg, without altering 
the plasma level of these two minerals. Interestingly, the combination of the studied 
carbohydrates increased significantly the faecal soluble Ca and Mg concentrations, the 
apparent intestinal absorption and balance of Ca, and non-significantly the plasma Mg level. 
The combination of different carbohydrates showed synergistic effects on intestinal Ca 
absorption and balance in rats [127]. 

The example of commercially available resistant dextrin is Nutriose. It is a non-viscous 
soluble fiber made from starch using a highly controlled process of dextrinization. It is 
mostly resistant to digestion in the small intestine and largely fermented in the colon. A 
process of dextrinization includes a degree of hydrolysis followed by repolymerization that 
converts the starch into fiber by forming no digestible glycosidic bonds. Nutriose is totally 
soluble in cold water without inducing viscosity [37, 53]. It is produced from wheat or maize 
starch using a highly controlled process of dextrinization followed by chromatographic 
fractionation step [28]. Nutriose FB®06, produced from wheat starch, contains approx. 13% 
of 1,2- and 14% of 1,3- glycosidic linkages [81]. The weight average molecular weight (Mw) 
and the number average molecular weight (Mn) for that dextrin were nearly 5000 and 2800 
g/mole respectively. The residual content of sugars (DP1-2) of Nutriose FB®06 was below 
0.5% and it could be considered as sugar free [80]. The enzyme-resistant fraction content, 
determined according to AOAC official method 2001.03 for total dietary fiber in foods 
containing resistant maltodextrins, was nearly 85% for Nutriose®06 and nearly 70% for 
Nutriose®10 [80, 81]. Nutriose has found wide application in food and pharmaceutical 
industries, as components of fiber-enriched drinks [92], components of a fiber-enriched 
composition for enteral nutrition [88], granulation binders [93], in the preparation of low-
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calorie food [11], and sugar-free confectionery [91]. Very well tolerated, Nutriose may be 20-
25% of a product’s composition without causing discomfort or bloating. About 15% of 
Nutriose are absorbed in the small intestine, about 75% fermented in the large intestine, 
while the remainder (about 10%) is excreted in the faeces [72, 110]. Nutriose induced an 
increase of the colonic saccharolytic flora and decrease in potentially harmful Clostridium 

perfringens in human faeces [54, 72]. Nutriose induced a decrease in the faecal pH of human 
volunteers, increased production of short chain fatty acids (SCFAs) in rats [54], induced 
changes in faecal bacterial enzyme concentration [72, 110]. It was also shown that learning 
(respectively physical) performances are improved in rats 180 minutes (respectively 150 
minutes) after the consumption of Nutriose, compared to dextrose. The glycaemic kinetics is 
not sufficient to predict this effect: even though the glycaemic peak was lower with the 
resistant dextrin than with dextrose, the glycaemia was the same between the two groups at 
150 and 180 minutes after ingestion. These preliminary results are very encouraging [82].  

Guérin-Deremaux et al. [37] found that the non-viscous soluble dietary fiber may influence 
satiety. The randomized, double-blind, placebo-controlled clinical study in 100 overweight 
healthy adults in China investigated the effect of different dosages of dietary 
supplementation with a dextrin, Nutriose, on short-term satiety over time. Subjects were 
randomized by body mass index and energy intake and then assigned to receive either 
placebo or 8, 14, 18, or 24 g/d of Nutriose mixed with orange juice (n = 20 volunteers per 
group). On days - 2, 0, 2, 5, 7, 14, and 21, short-term satiety was evaluated with a visual 
analog scale, and hunger feeling status was assessed with Likert scale. Nutriose exhibits a 
progressive and significant impact on short-term satiety, which is time and dosage 
correlated. Some statistical differences appear for the group 8 g/d from day 5, and from day 
0 for the groups 14, 18, and 24 g/d. The hunger feeling status decreases significantly from 
day 5 to the end of the evaluation for the group 24 g and from day 7 for the groups 14 and 
18 g. By day 5, the group 24 g showed significantly longer time to hunger between meals 
compared with placebo. These results suggest that dietary supplementation with a soluble 
fiber can decrease hunger feeling and increase short-term satiety over time when added to a 
beverage from 8 to 24 g/d with time- and dose-responses relationship [37]. 

Human clinical trials on healthy subjects have shown that Nutriose is well tolerated and 
able to stimulate the growth of acid-resistant bacteria. We particularly observed a beneficial 
shift in the bacterial microbiota profile to butyrogenic genera such as Peptostreptococcus, 
Fusobacterium and Bifidobacterium [37]. 

Resistant maltodextrins made from starch are commercially available. Fibersol-2 is well-
known soluble, non-digestible, starch-derived resistant maltodextrin [67]. Fibersol-2 is 
produced from corn-starch by pyrolysis and subsequent enzymatic treatment (similar to the 
process to manufacture conventional maltodextrins) to convert a portion of the normal α-1,4 
glucose linkages to random 1,2-, 1,3- α or β linkages [69]. Solubility of Fibersol-2 in water 
reaches 70% (w/w) at 20°C. It is readily dispersible in water and highly compatible with dry 
drink mix applications. At typical use levels, it yields clear, transparent solutions that are 
near water-like in performance. Fibersol-2 adds no flavor or odor. It has essentially no 
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sweetness of its own. It shows stability to acid and heat/retort processing, including stability 
in high acid, hot filled, aseptic, or retorted products like juices, sauces, puddings, fluid 
milks, and sports. Fibersol-2 shows superior freeze-thaw stability. It shows precise and 
extremely low viscosity and very low hygroscopicity. It does not actively participate in non-
enzymatic Maillard-type browning [69]. Fibersol-2 exhibited very important physiological 
properties. It was fermented slowly, producing less acid and gas than most soluble dietary 
fiber [27]. Studies indicated that Fibersol-2 could effectively reduce postprandial levels of 
blood glucose and insulin [109]. Fibersol-2 significantly reduced levels of blood triglycerides 
and serum cholesterol [125]. By adding stool volume, moisture, and reducing transit time, 
Fibersol-2 helped maintain good colon health, potentially reducing the incidence of various 
types of colon diseases and cancers [102]. Fibersol-2 effectively promoted the growth of a 
variety of beneficial bacteria (naturally occurring or ingested as probiotics) in the colon. In 
promoting the growth of beneficial bacteria, Fibersol-2 indirectly reduced the presence of 
undesirable bacterial species [41, 63]. 

Bodinhan et al. [8] found that a non-viscous resistant starch significantly lowered energy 
intake after intake of the supplement compared with placebo during both an ad libitum test 
meal (P = 0.033) and over 24 hours (P = 0.044). Cani et al [14] found that treatment with the 
fermentable dietary fiber oligofructose increased satiety after breakfast and dinner and 
reduced hunger and prospective food consumption after dinner, suggesting a role for the 
use oligofructose supplements in the management of food intake in overweight and obese 
patients [37]. 

Kapusniak et al. [47] and Śliżewska et al. [98] enzyme-resistant chemically modified dextrins 
resulting from heating of potato starch with hydrochloric acid as catalyst and additionally 
polycarboxylic acids (citric and tartaric acids) were tested as the source of carbon for 
probiotic bacteria (Lactobacillus and Bifidobacterium) and bacteria isolated from the human 
feces (Escherichia coli, Enterococcus, Clostridium and Bacteroides). It was shown that all of the 
tested bacteria, both probiotics and those isolated from human feces, were able to grow and 
utilize dextrin as a source of carbon, albeit to varying degrees. After 24 h the highest growth 
was recorded for the probiotic bacteria Lactobacillus and Bifidobacterium, the weakest for 
Clostridium and Escherichia coli bacteria. After prolonging culture time to 72–168 h, which 
corresponds to retarded or pathological passage of large intestine contents, the viability of 
intestinal bacteria in a medium with resistant dextrin was found to be lower by one or two 
orders of magnitude as compared to the viability of probiotic bacteria. The number of 
probiotics and bacteria isolated from fecal samples grown in media containing 1% glucose 
was lower by two or three orders of magnitude than that of corresponding bacteria grown 
in a medium containing dextrin. This may have been caused by lower pH values of the 
controls, in which the culture environment became unfavorable to preserving high viability 
by the studied bacteria. This may have also been caused by the protective effects of dextrin 
on the bacteria. After the completion of incubation, that is, at 168 h, lactobacilli and 
bifidobacteria were found to be highly viable. Their counts were higher by one or two 
orders of magnitude than those of the intestinal bacteria E. coli, Enterococcus, Clostridium and 
Bacteroides isolated from fecal samples. At 168 h of incubation, the probiotic bacteria 
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amounted to over 44% of the whole population. The Clostridium strain showed the weakest 
growth, with a 9.5% share in the entire population, while Enterococcus, Escherichia coli, and 
Bacteroides amounted to from 15.3% to 15.8% of the population [48]. 

9. Conclusions 

In today’s world, life style is an important determinant of health in later life. Lack of 
physical activity, particularly if associated with over consumption, increases the risk of 
development of nutrition related chronic diseases, such as obesity, hypertension, 
cardiovascular diseases, osteoporosis, type II diabetes, and several cancers. Over the last 
decade, drastic changes have taken place in the image and assessment of the importance of 
the daily diet. Foods are no longer judged in terms of taste and immediate nutritional needs, 
but also in terms of their ability to improve the health and well-being of consumers. The role 
of diet in human health has led to the recent development of the so-called functional food 
concept. A functional food is dietary ingredient, that has cellular or physiological effects 
above the normal nutritional value. Functional food can contain probiotics and/or prebiotics 
[33, 40].  

The studies suggests that soluble fibers help to regulate the digestive system, may increase 
micronutrient absorption, stabilize blood glucose and lower serum lipids, may prevent 
several gastrointestinal disorders, and have an accepted role in the prevention of 
cardiovascular disease. It is concluded that supplementation with soluble fibers (e.g. wheat 
dextrin) may be useful in individuals at risk of a lower than recommended dietary fiber 
intake. 

A prebiotic is a nondigestible food ingredient that beneficially affects the host by selectively 
stimulating the growth and/or activity of one or, a limited number, of bacteria in the colon 
that can improve host health [19]. Some carbohydrates, such as fructooligosaccharides (FOS) 
[10, 34, 75, 101], inulin [75, 76, 77, 112] and galactooligosaccharides (GOS) [84, 108] are well-
accepted prebiotics. 

Promising sources of prebiotics are starch products, especially resistant starch (RS) [3, 19, 
106] and products of partial degradation of starch [56]. 

The commercial degraded starches are known as converted starches and comprise the “thin-
boiling” acid-converted starches, oxidized starches, and dextrins. There are four major 
groups of dextrins: maltodextrins produced by hydrolysis of dispersed starch by action of 
liquifying enzymes such as amylase, degradation products by acid hydrolysis of dispersed 
starch, cyclodextrins, and pyrodextrins produced by the action of heat alone or in a 
combination with acid on dry granular starch. On the market pyrodextrins are available in 
three major varieties: British gums, white dextrins and yellow dextrins [5, 105, 122]. 

In particular, almost every food oligosaccharide and polysaccharide has been claimed to 
have prebiotic activity, but not all dietary carbohydrates are prebiotics. Conventional fibers, 
like pectins, cellulose, etc. are not selectively metabolized by gut bacteria. Resistant 
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maltodextrins, being a mixture of fractions of different molecular weight (different degree of 
polymerization), are dietary fibre, but there are not necessarily selective for desirable 
bacteria in the gut. Hence, research showing the effect of prebiotic should continue to be 
performed, both in the in vito and in vivo. 

Author details 

Katarzyna Śliżewska  
Institute of Fermentation Technology and Microbiology, Faculty of Biotechnology and Food Sciences,  

Technical University of Lodz, Lodz, Poland 

Janusz Kapuśniak, Renata Barczyńska and Kamila Jochym  
Institute of Chemistry, Environmental Protection and Biotechnology,  

Jan Dlugosz University in Czestochowa, Czestochowa, Poland 

10. References 

[1] Abrams S.A., Griffin I.J., Hawthorne K.M., Ellis K.J. (2007) Effect of prebiotic 
supplementation and calcium intake on body mass index. J. Pediatr. 151: 293-298. 

[2] Annison G., Illman R., Topping D. (2003) Acetylated, propionylated or butyrylated 
starches raise large bowel short-chain fatty acids preferentially when fed to rats. J. Nutr. 
133: 3523-3528. 

[3] Asp N.G., Van Amelsvoort J.M.M., Hautvast J.G.A.J. (1996) Nutritional implications of 
resistant starch. Nutr. Res. Rev. 9: 1-31. 

[4] Behall K.M., Daniel J., Scholfield D.J., Hallfrisch J.G., Liljeberg-Elmståhl H.G.M. (2006) 
Consumption of both resistant starch and b-glucan improves postprandial plasma 
glucose and insulin in women. Diabetes Care 29, 976-981. 

[5] BeMiller J.N. (1993) Starch-based gums. In: Industrial Gums. Polysaccharides and Their 
Derivatives. Whistler R.L. and BeMiller, J.N., editors. Academic Press, San Diego, USA, 
pp. 579-601. 

[6] Berenal M.J., Periago M.J., Ros G. (2002) Effects of processing on dextrin, total starch, 
dietary fiber and starch digestibility in infant. J. Food Sci. 67: 1249-1254. 

[7] Björck, L., Gunnarsson A., Østergård,K. (1989) A study of native and chemically 
modified potato starch. Part II. Digestibility in the rat intestinal tract. Starch/Stärke 41: 
128-134. 

[8] Bodinham B.L., Frost G.S., Robertson M.D. (2010) Acute ingestion of resistant starch 
reduces food intake in healthy adults. Br. J. Nutr. 103: 917-22. 

[9] Boehm G., Stahl B. Oligosaccharides. In: Mattila-Sandholm and Saarela M, editors. 
Functional Dairy Products, Woodhead Publishing, CRC Press, England, 2003, pp. 203–
243. 

[10] Bouhnik Y., Vahedi K., Achour L., Attar A., Salfati J., Pochart P., Marteau P., Flourie B., 
Bornet F., Rambaud J.C. (1999) Short-chain fructo-oligosaccharide administration dose-
dependently increases fecal bifidobacteria in healthy humans. J. Nutr. 129: 113-116. 



 

Carbohydrates – Comprehensive Studies on Glycobiology and Glycotechnology 282 

[11] Brendel R., Boursier B., Leroux P. (2002) U.S. Patent 2002/0192344 A1. 
[12] Brigidi P., Swennen E., Vitali B., Rossi M., Matteuzzi D. (2003) PCR detection of 

Bifidobacterium strains and Streptococcus thermophilus in feces of human subjects after 
oral bacteriotherapy and yogurt consumption. Int. J. Food Microbiol. 81: 203–209. 

[13] Brown I.L., (2004) Applications and uses of resistant starch. J. AOAC Int. 87: 727-732. 
[14] Cani P.D., Joly E., Horsmans Y., Delzenne N.M. (2006) Oligofructose promotes satiety in 

healthy human: a pilot study. Eur. J. Clin. Nutr. 60: 567-72. 
[15] Champ M., Langkilde A.M., Brouns F., Kettlitz B. (2003) Advances in dietary fiber 

characterization. 2. Consumption, chemistry, physiology and measurement of resistant 
starch; implications for health and food labeling. Nutr. Res. Rev. 16: 143–161. 

[16] Coudray C., Bellanger J., Castiglia-Delavaud C., Rémésy C., Vermorel M.,Rayssignuier 
Y. (1997) Effect of soluble or partly soluble dietary fibres supplementation on 
absorption and balance of calcium, magnesium, iron and zinc in healthy young men. 
Eur. J. Clin. Nutr., 51: 375-380. 

[17] Crittenden R.G., Playne M.J. Prebiotics. In: Lee Y.K. and Salminen S., edtitors. 
Handbook of probiotics and prebiotics, John Wiley & Sons, New Jersey, Canada, 2009, 
pp. 535-584. 

[18] Crittenden R.G., Prebiotics. In: Tannock GW, edtitor. Probiotics: A Critical review. 
Horizon Scientific Press, Wymondham, United Kingdom, 1999, pp. 141–156. 

[19] Cummings J.H., Beatty E.R., Kingman S.M., Bingham S.A., Englyst H.N. (1996) 
Digestion and physical properties of resistant starch in the human large bowel. Br. J. 
Nutr. 75: 733-747. 

[20] Cummings J.H., Stephen A.M. (2007) Carbohydrate terminology and classification. Eur. 
J. Clin. Nutr. 61, 5-18. 

[21] Douglas L.C., Sandres M.E. (2008) Probiotics and prebiotics in dietetics practice. J. Am. 
Diet. Associat. 108: 510-521. 

[22] Duncan S.H., Holtrop G., Lobley G.E., Calder A.G., Stewart C.S., Flint H.J. (2004) 
Contribution of acetate to butyrate formation by human fecal bacteria. Br. J. Nutr. 91: 
915-923. 

[23] Engllyst H.N., Kingman S.M., Cummings J.H. (1992) Classification and measurement of 
nutritionally important starch fractions. Eur. Clin. Nutr. 46: 33–50. 

[24] FAO Technical Meeting on Prebiotics. (2007) Food Quality and Standards Service 
(AGNS), Food and Agriculture Organization of the United Nations (FAO). FAO 
Technical meeting Report, September 15-16 

[25] Faraj A., Vasanthan T., Hoover R. (2004) The effect of extrusion cooking on resistant 
starch formation in waxy and regular barley flours. Food Res. Int. 37, 517-525. 

[26] Figueroa-González I., Quijano G., Ramírez G., Cruz-Guerrero A. (2011) Probiotics and 
prebiotics – perspectives and challenges. J. Sci. Food Agric. 91, 1341-1348. 

[27] Flickinger E.A., Wolf B.W., Garleb K.A., Chow J., Leyer G.J., Johns P.W., Fahey G.C. 
(2000) Glucose-based oligosaccharides exhibit different in vitro fermentation patterns 
and affect in vivo apparent nutrient digestibility and microbial populations in dogs. J. 
Nutr. 130: 1267-1273. 

[28] Fouache C., Duflot P., Looten P. (2003) U.S. Patent 2003/6630586. 



 
Resistant Dextrins as Prebiotic 283 

[29] Frohberg C., Quanz M. (2008) Use of Linear Poly-Alpha-1,4-Glucans as Resistant Starch, 
United States Patent Application 20080249297, 2008, Available on line at: 
http://www.wipo.int/pctdb/en/wo.jsp?WO=2005040223. 

[30] Fuentes-Zaragoza E., Riquelme-Navarrete M.J., Sánchez-Zapata E., Pérez-Álvarez J.A. 
(2010) Resistant starch as functional ingredient: A review. Food Res. Int. 43: 931-942. 

[31] Fuentes-Zaragoza E., Sánchez-Zapata E., Sendra E., Sayas E., Navarro C., Fernández-
López J., Pérez-Alvarez J.A. (2011) Resistant starch as prebiotic: A review. Starch/Stärke 
63: 406-415. 

[32] Gibson G.R. (2004) Fibre and effects on probiotics (the prebiotic concept). Clin. Nutr. 
Suppl. 1: 25-31 

[33] Gibson R., Roberfroid M. (1995) Dietary modulation of the human colonic microbiota: 
introducing the concept of prebiotics. J. Nutr. 125: 140-1412 

[34] Gibson G. (1999) Dietary modulation of the human gut microflora using the prebiotics 
oligofructose and inulin. J. Nutr. 129 (7Suppl): 1438S-1441S. 

[35] Goldring J.M. (2004) Resistant starch: Safe intakes and legal status. J. AOAC Int. 87, 
733–739. 

[36] González-Soto R.A., Sánchez-Hernández L., Solorza-Feria J. (2006) Resistant starch 
production from non-conventional starch sources by extrusion. Food Sci. Tech. Int. 12: 
5-11. 

[37] Guérin-Deremaux L., Pochat M., Reifer C., Wils D., Cho S., Miller L.E. (2011) The 
soluble fiber NUTRIOSE induces a dose-dependent beneficial impact on satiety over 
time in humans. Nutr. Res. 31: 665-672. 

[38] Haralampu S.G. (2000) Resistant starch: A review of the physical properties and 
biological impact of RS3. Carbohydrate Polymers, 41, 285–292. 

[39] Hautvast J.G.A.J., Meyer D. (2007) The science behind inulin and satiety. Sensus: 6-30. 
[40] Holzapfel W.H., Schillinger U. (2002) Introduction to pre- and probiotics. Food Res. Int. 

35: 109-116. 
[41] Hopkins M.J., Cummings J.H., Macfarlane G.T. (1998) Inter-species differences in 

maximum specific growth rates and cell yields of bifidobacteria cultured on 
oligosaccharides and other simple carbohydrate sources. J. Appl. Microbiol. 85: 381-386. 

[42] Huebner J., Wehling R.L., Parkhurst A., Hutkins R.W. (2008) Effect of processing 
conditions on the prebiotics activity of commercial prebiotics. Int. Dairy J. 18: 287-293. 

[43] Imaizumi K., Nakatsu Y., Sato M., Sedamawati Y., Sugano M. (1991) Effects of 
xylooligosaccharides on blood glucose, serum and liver lipids and caecum short-chain 
fatty acids in diabetic rats. Agric. Biol. Biochem., 55: 199-205. 

[44] ISAPP (2008) 6th Meeting of the International Scientific Association of Probiotics and 
Prebiotics, London, Ontario. 

[45] Janzen G.J. (1969) Verdaulichkeit von Stärken und phosphatierten Stärken mittels 
Pankreatin. Stärke 21: 231-237. 

[46] Jiang H., Jane J.L., Acevedo D., Green A. (2010) Variations in starch physicochemical 
properties from a generationmeans analysis study using amylomaize V and VII parents. 
J. Agric. Food Chem. 58, 5633-5639. 



 

Carbohydrates – Comprehensive Studies on Glycobiology and Glycotechnology 284 

[47] Kapusniak J., Barczynska R. Slizewska K., Libudzisz Z. (2008a) Utilization of enzyme-
resistant chemically modified dextrins from potato starch by Lactobacillus bacteria. 
Zeszyty Problemowe Postępów Nauk Rolniczych 530: 445-457. (in polish) 

[48] Kapusniak J., Jochym K., Barczynska R. Slizewska, K., Libudzisz Z. (2008b) Preparation 
and characteristics of novel enzyme-resistant chemically modified dextrins from potato 
starch. Zeszyty Problemowe Postępów Nauk Rolniczych 530: 427-444. (in polish) 

[49] Kayode O., Adebowale T., Adeniyi Afolabi B., Iromidayo Olu-Owolabi. (2006) 
Functional, physicochemical and retrogradation properties of sword bean (Canavalia 
gladiata) acetylated and oxidized starches. Carbohydr. Polym. 65: 93–101. 

[50] Le Blay G.M., Michel C.D., Blottière, H.M., Cherbut, C.J. (2003) Raw potato starch and 
short-chain fructo-oligosaccharides affect the composition and metabolic activity of rat 
intestinal microbiota differently depending on the caeco-colonic segment involved. J. 
Appl. Microbiol. 94, 312-320. 

[51] Leegwater D.C., Luten J.B (1971) A study on the in vitro digestibility of hydroxypropyl 
starches by pancreatin. Stärke 23: 430-432. 

[52] Leeman A.M., Karlsson M.E., Eliasson A.Ch., Bjőrck I.M.E. (2006) Resistant starch 
formation in temperature treated potato starches varying in amylose/amylopectin ratio. 
Carbochydr. Polym. 65: 306-313. 

[53] Lefranc-Millot C. (2008) NUTRIOSE 06: a useful soluble fibre for added nutritional 
value. Nutr. Bull. 33: 234-239. 

[54] Lefranc-Millot C., Wils D., Neut C., Saniez-Degrave M.H. (2006) Effects of a soluble 
fiber, with excellent tolerance, NUTRIOSE®06, on the gut ecosystem: a review. In: 
Proceedings of The Dietary Fibre Conference. June, 2006. Helsinki, Finland. 

[55] Lenoir-Wijnkoop I., Sanders M.E., Cabana M.D. (2007) Probiotic and prebiotic influence 
beyond the intestinal tract. Nutr. Rev. 65: 469-489. 

[56] Leszczyński W. (2004) Resistant Starch – classification, structure, production. Pol. J. 
Food Nutr. Sci. 13/54: 37-50. 

[57] Lim C.C., Ferguson L.R., Tannock G.W. (2005) Dietary fibres as “prebiotics”: 
implications for colorectal cancer. Mol. Nutr. Food Res. 49: 609–619. 

[58] Liu R., Xu G. (2008) Effects of resistant starch on colonic preneoplastic aberrant crypt 
foci in rats. Food Chem. Toxicol. 46: 2672-2679. 

[59] Lopez H.W., Levrat-Verny M.A., Coudray C., Besson C., Krespine V., Messager A., 
Demigné C, Rémésy C. (2001) Class 2 resistant starches lower plasma and liver lipids 
and improve mineral retention in rats. J. Nutr. 131: 1283-1289. 

[60] Lunn J., Buttriss J. L. (2007) Carbohydrates and dietary fibre. Nutr. Bull. 32: 21-64. 
[61] Maccfarlane G.T., Steed H., Maccfarlane S. (2008) Bacterial metabolism and health-

related effects of galacto-oligosaccharides and other prebiotics. J. Appl. Microbiol. 104: 
305-344. 

[62] Mana K.K. (2003) Enzyme resistant dextrins from high amylose corn mutant starches. 
Starch/Stärke. 53: 21–26. 

[63] Matsuda I., Satouchi M. (1997) Agent for promoting the proliferation of Bifidobacterium. 
U.S. Patent 5698437. 

[64] Mermelstein N.H. (2009) Analyzing for resistant starch. Food Technol. 4: 80-84. 



 
Resistant Dextrins as Prebiotic 285 

[65] Morais M.B., Feste A., Miller R.G., Lifichitz C.H. (1996) Effect of resistant starch and 
digestible starch on intestinal absorption of calcium, iron and zinc in infant pigs. 
Paediatr. Res. 39(5): 872-876. 

[66] Morell M.K., Konik- Rose Ch., Ahmed R., Li Z., Rahman S. (2004) Synthesis of resistant 
starches in plants. J. AOAC Int. 87: 740–748. 

[67] Ohkuma K., Hanno Y., Inada K., Matsuda I., Katta Y. (1997) U.S. Patent 5620873. 
[68] Ohkuma K., Matsuda I., Katta Y., Hanno Y. (1999) Pyrolysis of starch and its 

digestibility by enzymes – Characterization of indegestible dextrin. Denpun Kagaku. 37: 
107-114. 

[69] Ohkuma K., Wakabayashi S. (2001) Fibersol-2: A soluble, non-digestible, starch-derived 
dietary fibre. In: McCleary B.V., Prosky L., editors. Advanced Dietary Fibre Technology. 
Blackwell Science Ltd., Oxford, pp. 509-523. 

[70] Onyango C., Bley T., Jacob A. (2006) Infuence of incubation temperature and time on 
resistant starch type III formation from autoclaved and acid-hydrolysed cassava starch. 
Carbohydr. Polym. 66: 497-499. 

[71] Palframan R., Gibson G.R., Rastall R.A. (2003) Development of a quantitive tool for 
comparison of the prebiotic effect of dietary oligosaccharides. Lett. Appl. Microbiol., 37: 
281-284. 

[72] Pasman W.J., Wils D., Saniez M.H., Kardinaal A.F. (2006) Long term gastro-intestinal 
tolerance of NUTRIOSE® FB in healthy men. Eur. J. Clin. Nutr. 60(8): 1024-1034. 

[73] Ring S.G., Gee J.M., Whittam M., Orford P., Johnson I.T. (1988) Resistant starch: its 
chemical from in foodstuffs and effect on digestibility in vitro. Food Chem. 28: 97-109. 

[74] Roberfroid M., Gibson G.R., Hoyles L., McCartney A.L., Rastall R., Rowland I., Wolvers 
D., Watzl B, Szajewska H., Stahl B., Guarner F., Respondek F., Whelan K., Coxam V., 
Davicco M-J., Léotoing L., Wittrant Y., Delzenne N.M., Cani P.D., Neyrick A.M., 
Meheust A. (2010) Prebiotic effects: metabolic and health benefits. Br. J. Nutr. 104: S1-
S61. 

[75] Roberfroid M.B. (1998) Prebiotics and synbiotics: concepts and nutritional properties. 
Br. J. Nutr. 80: S197-S202. 

[76] Roberfroid, M.B. (2005) Introducing inulin-type fructans. Br. J. Nutr. 93: S13-S25. 
[77] Roberfroid, M.B. (2007) Inulin-type fructans: Functional food ingredients. J. Nutr. 137: 

2493S-2502S. 
[78] Rochfort S., Panozzo J. (2007) Phytochemicals for health, the role of pulses. J. Agric. 

Food Chem. 55, 7981-7994. 
[79] Rodríguez-Cabezas M.E., Camuesco D., Arribas B., Garrido-Mesa, N. (2010) The 

combination of fructooligosaccharides and resistant starch shows prebiotic additive 
effects in rats. Clin. Nutr. 29, 832-839. 

[80] Roturier J.M., Looten P.H., Osterman E. (2003) Dietary fiber measurement in food 
containing NUTRIOSE®FB by enzymatic-gravimetric-HPLC method. Proc. Dietary 
Fiber Conference, Helsinki, Finland. May, 2003. 

[81] Roturier J.M., Looten P.H. (2006) Nutroise: Analytical Aspects. Proc. The Dietary Fibre 
Conference, Helsinki, Finland, June 2006. 



 

Carbohydrates – Comprehensive Studies on Glycobiology and Glycotechnology 286 

[82] Rozan P., Deremaux L., Wils D., Nejdi A., Messaoudi M., Saniez M.H. (2008) Impact of 
sugar replacers on cognitive performance and function in rats. Brit. J. Nutr. 100: 1004-
1010. 

[83] Sajilata M.G., Singhal R.S., Kulkarni P.R. (2006) Resistant starch- a review, Comp. Rev. 
Food. Sci. Food Safety. 5: 1-17. 

[84] Sako T., Matsumoto K., Tanaka, R. (1999) Recent progress on research and applications 
of non-digestible galacto-oligosaccharides. Int. Dairy J. 9: 69-80. 

[85] Salminen S., Gorbach S., Lee Y.K., Benno Y. (2004) Human Studies on Probiotics: What 
is Scientifically Proven Today? In: Salminen S, von Wright A and Ouwerhand A, editors 
Lactic Acid Bacteria: Microbiological and Functional Aspects. Marcel Dekker, New 
York, 2004, pp. 515–530. 

[86] Sang S., Chang J.L. (2007) Formation, characterization, and glucose response in mice to 
rice starch with low digestibility produced by citric acid treatment. J. Cereal Sci. 45: 24-
33 

[87] Sang Y., Seib P. (2006) Resistant starches from amylose mutants of corn by simultaneous 
heat-moisture treatment and phosphorylation. Carbohydr.Polym. 63: 167-175. 

[88] Saniez M.H. (2004) U.S. Patent 2004/6737414 B2. 
[89] Satokari R.M., Vaughan E.E., Akkermans A.D.L., Saarela M., de Vos W.M. (2001) 

Polymerase chain reaction and denaturing gradient gel electrophoresis monitoring of 
fecal Bifidobacterium populations in a prebiotic and probiotic feeding trial. Syst. Appl. 
Microbiol. 2001, 24: 227–231. 

[90] Saulnier D.M., Spinler J.K., Gibson G.R., Versalovic J. (2009) Mechanisms of probiosis 
and prebiosis: considerations for enhanced functional foods. Curr. Opinion Biotechnol. 
20: 135-141. 

[91] Serpelloni M. (2002) U.S. Patent 2002/0192343 A1. 
[92] Serpelloni M. (2003) U.S. Patent 2003/0077368 A1. 
[93] Serpelloni M. (2006) U.S. Patent 2006/0112956 A1. 
[94] Shin M., Song J., Seib P. (2004) In vitro digestibility of cross-linked starches – RS4. 

Starch/ Stärke. 56: 478-483. 
[95] Shin S.I., Lee Ch.J. (2007) Formation, characterization, and glucose response in mice to 

rice starch with low digestibility produced by citric acid treatment. J. Cereal Sci. 45: 24-
33 

[96] Singha J., Kaurb L. (2007) Review factors influencing the physico-chemical, 
morphological, thermal and rheological properties of some chemically modified 
starches for food applications—A review. Food Hydr. 21: 1–22. 

[97] Slavin J., Stewart M., Timm D., Hospattankar A. (2009) International Association for 
Cereal Science and Technology (ICC), 1–3 July 2009, van der Kamp J.W., Vienna, 
Austria, p. 35. 

[98] Śliżewska K., Kapuśniak J., Barczyńska R., Jochym K. (2010) The preparation of 
prebiotic properties. The patent application RP P-392895 

[99] Storey D., Lee A., Bornet F., Brouns F. (2007) Gastrointestinal responses following acute 
and medium term intake of retrograded resistant maltodextrins, classified as type 3 
resistant starch. Eur. J. Clin. Nutr. 61, 1262–1270. 



 
Resistant Dextrins as Prebiotic 287 

[100] Suzuki N., Aiba Y., Takeda H., Fukumori Y., Koga Y. Superiority of 1-kestose, the 
smallest fructo-oligosaccharide, to a synthetic mixture of fructo-oligosaccharides in the 
selective stimulating activity on Bifidobacteria. Biosci. Microflora. 25: 109–116. 

[101] Swennen K., Courtin CH.M., Delcour, J.A., 2006. Non-digestible oligosaccharides with 
prebiotic properties. Crit. Rev. Food Sci. Nutr. 46: 459-471. 

[102] Takagak K., Ikeguchi M., Artura Y., Fujinaga N., Ishibashi Y., Sugawa-Katayama Y. 
(2001) The effect of AOJIRU drink powder containing indigestible dextrin on defecation 
frequency and faecal characteristics. J. Nutr. Food 4(4): 29-35. 

[103] Tannock G.W., Munro K., Bibiloni R., Simon M.A., Hargreaves P., Gopal P., Harmsen 
H., Welling G. (2004) Impact of consumption of oligosaccharide-containing biscuits on 
the fecal microbiota of humans. Appl. Environ. Microbiol. 70: 2129–2136. 

[104] Themeier H., Hollmann J., Neese U., Lindhauer M.G. (2005) Structural and 
morphological factors influencing the quantification of resistant starch II in starches of 
different botanical origin. Carbohydr. Polym. 61: 72-79. 

[105] Tomasik P., Wiejak S., Pałasiński M. (1989) The thermal decomposition of 
carbohydrates. Part II. The decomposition of starch. Adv. Carbohydr. Chem. Biochem. 
47: 279-344. 

[106] Topping D.L, Clifton, P.M. (2001) Short-chain fatty acids and human colonic function: 
roles of resistant starch and nonstarch polysaccharides. Physiol. Rev. 81(3): 1031-1064. 

[107] Trinidad T.P., Wolever T.M.S., Thompson L.U. (1996) Effect of acetate and propionate 
on calcium absorption from the rectum and distal colon of humans. Am. J. Clin. Nutr. 
63: 574-578. 

[108] Tzortzis G., Goulas A.K., Gibson G.R. (2005) Synthesis of prebiotic 
galactooligosaccharides using whole cells of a novel strain, Bifidobacterium bifidum 
NCIMB 41171. Appl. Microbiol. Biotechnol. 68: 412-416. 

[109] Unno T., Nagata K., Horiguchi T. (2002) Effects of green tea supplemented with 
indigestible dextrin on postprandial levels of blood glucose and insulin in human 
subjects. Journal of Nutritional Food 5(2): 31-39. 

[110] van den Heuvel E.G., Wils S.D., Pasman W.J., Bakker M., Saniez M.H., Kardinaal A.F. 
(2004) Short-term digestive tolerance of different doses of NUTRIOSE®FB, a food 
dextrin, in adult men. Eur. J. Clin. Nutr. 58(7): 1046-1055. 

[111] Van Loo J. (2006) Inulin-type fructans as prebiotics. In: Prebiotics: Development and 
Application. Gibson G.R. and Rastall RA, editors. John Wiley and Sons, Chichester, UK, 
pp. 57–100. 

[112] Van Loo J., Cummings J., Delzenne N., Englyst H., Franck A., Hopkins M., Kok N., 
Macfarlane G., Newton D., Quigley M., Roberfroid M., van Vliet T., van den Heuvel, E. 
(1999) Functional food properties of non-digestible oligosaccharides: a consensus report 
from the ENDO project (DGXII AIRII-CT94-1095). Br. J. Nutr. 81(2): 121-132. 

[113] Wang J., Jin Z., Yuan X. (2006) Preparation of resistant starch from starch-guar gum 
extrudates and their properties. Food Chem. 101: 20-25. 

[114] Wang Y. (2009) Prebiotics: Present and future in food science and technology. Food 
Res. Int. 42: 8-12. 



 

Carbohydrates – Comprehensive Studies on Glycobiology and Glycotechnology 288 

[115] Wang Y., Kozlowski R., Delgado G.A. (2001) Enzyme resistant dextrins from high 
amylose corn mutant starches. Starch-Starke. 53: 21-26. 

[116] Weese J., Schrezenmeir J. (2008) Probiotics, prebiotics and synbiotics. Adv. Biochem. 
Eng. Biotechnol. 111: 1-6. 

[117] Wepner B., Berghofer E., Miesenberger E., Tiefenbacher K. (1999) Citrate starch: 
Application as resistant starch in different food systems. Starch/Stärke 51: 354-361. 

[118] Wolf B.W., Wolever T., Bolognesib C. (2001) Glycemic response to a rapidly digested 
starch is not affected by the addition of an indigestible dextrin in humans. Nutr. Res. 21: 
1099–1106. 

[119] Woo K. S., Seib P. A. (2002) Cross-linked resistant starch: preparation and properties. 
Am. Ass. Cereal Chem. 79: 819-826. 

[120] Wootton M., Chaundry M.A. (1979) Enzymic digestibility of modified starches. 
Starch/Stärke 31: 224-228. 

[121] Wootton M., Chaundry M.A. (1981) In vitro digestion of hydroxypropyl derivatives of 
wheat starch. I. Digestibility and action pattern using porcine pancreatic α-amylase. 
Starch /Stärke. 33: 135-137. 

[122] Wurzburg O.B. (1986) Converted starches. In: Modified starches: properties and uses. 
Wurzburg O.B., editor. CRC Press, Boca Raton Florida, USA, pp. 17-40. 

[123] Xie X., Liu Q. (2004) Development and physicochemical characterization of new 
resistant citrate starch from different corn. Starches/ Starch. 56: 364 – 370. 

[124] Xie X., Liu Q., Cui S.W. (2006) Studies on the granular structure of resistant starches 
(type 4) from normal, high amylose and waxy corn starch citrates. Food Res. Int. 39: 
332–341. 

[125] Yamamoto T. (2007) Effect of indigestible dextrin on visceral fat accumulation. J. Jpn. 
Soc. Study. Obes. 13: 34-41. 

[126] Yao N., Paez A.V., White P.J. (2009) Structure and function of starch and resistant 
starch from corn with different doses of mutant amylose-extender and floury-1 alleles. 
J. Agric. Food Chem. 57: 2040-2048. 

[127] Younes H., Coudray C., Bellanger J., Demigné C., Rayssiquier Y., Rémésy C. (2001) 
Effects of two fermentable carbohydrates (inulin and resistant starch) and their 
combination on calcium and magnesium balance in rats. Brit. J. Nutr. 86, 479-485. 

[128] Younes H., Levrat M.A., Demige C., Remesy C. (1995) Resistant starch is more 
effective than cholestyramine as a lipid-lowering agent in the rat. Lipids, 30: 847-853. 


