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Carbohydrates in food occur as natural constituents or are
added as ingredients or additives. The most important
endogenous carbohydrates in food are starch, depolymerized starch, sucrose, lactose, glucose, fructose and sorbitol
(digestible) and carbohydrates such as ranose, stachyose,
resistant starch, pectin, cellulose, hemicelluloses including
pentosans, fructans, chitin, and seaweed polysaccharides
(indigestible). Carbohydrates added to food are often
derived from raw materials, e.g. sucrose, polyols, lactose,
oligosaccharides, starch and pectins or they appear in
plants not usually consumed as food like exudate gums,
seed gums or algal polysaccharides. Many are conversion
products: chemical like carboxymethylcellulose, polydextrose, lactulose, enzymatic like modi®ed starches and
starch syrups or microbial like xanthan and gellan gum.
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Carbohydrates are added to foods because they have
many technological functions: anticaking, bulking, emulsifying, gelling, humectant, stabilizer, sweetener, thickener
(Codex Alimentarius). Functions not listed by Codex
Alimentarius include: chelator, cryoprotectant, drying aid,
fat replacer, ¯avour carrier, ¯avour and colour precursor
through Maillard reactions, substrate in fermentations.
The physiological functions of carbohydrates, i.e. as

Review
source of energy with various dietetic functions, and as
source of fermentation substrate in the large intestine, is
discussed in dierent ITG papers [1]. In the last decade,
a number of novel dietary carbohydrates have been
introduced for food applications. One important group
is non-digestible oligosaccharides (NDOs) like inulin or
sucrose-derived fructo-oligosaccharides, soy-derived
galactosyl-sucroses and galacto-oligosaccharides derived
from lactose, xylo-oligosaccharides and lactulose, which
are increasingly being added to foods, particularly in
some European countries and Japan [2]. Other groups
are formed by a range of new carbohydrate-based fat
replacers and by new dietary ®bre preparations (e.g.
resistant starch).

Non-digestible carbohydrates

Carbohydrates are usually classi®ed according to
their molecular size (degree of polymerization) into
sugars, oligosaccharides and polysaccharides, with subgroups identi®ed by the nature of the constituent
monosaccharides. Such a chemical classi®cation, however, needs to be supplemented according to physiological eects (Table 1) [3].
A most important classi®cation from the point of
view of physiology is according to digestibility in the
small intestine [4]. There are three main types of carbohydrates that are undigestible in the human small intestine: Non-starch polysaccharides (NSP), resistant starch
(RS) and NDOs.
Dietary carbohydrates that have escaped digestion in
the upper gastro-intestinal tract are principal substrates
for bacterial growth in the colon next to mucus [5, 6].
About 10±60 g/day has been estimated to reach the
colon [7] and it is estimated that 8±40 g/day of resistant
starch contributes to the major part of the fermentable
substrate available, followed by 8±18 g/day non-starch
polysaccharides, 2±10 g unabsorbed sugars and 2±8 g of
oligosaccharides [7]. However, in a recent survey based
on determination of resistant starch in major foods, the
calculated average intake in European countries was
around 4 g/day [8].
Several bene®cial eects are claimed on the consumption of non-digestible oligosaccharides (NDOs)
and since their average daily ingestion is lower than the
level considered as safe (not over 15 g/day [9]), supplementation of NDOs could be bene®cial. Tomomatsu
[10] mentions eective daily doses of NDOs in pure
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Table 1. Classi®cation of the principal dietary carbohydrates
Major classes (DP)

Sub-groups (type of monosaccharides
and or bonds)

Sugars (1±2)

(i) Monosaccharides: glucose, fructose
(ii) Disaccharides: sucrose, maltose,
trehalose, lactose
(iii) Sugar alcohols: sorbitol, maltitol,
lactitol, xylitol

Oligosaccharides (3±10) (i) Malto-oligosaccharides ( -glucan)
(ii) Other oligosaccharides (NDOs):
fructooligosaccharides
galactooligosaccharides
Polysaccharides (10+)

(i) Starch ( -glucans)
Non-starch polysaccharides (NSP)

form of 3 g of fructo-oligosaccharides, 2±2.5 g of
galacto-oligosaccharides, 2 g of soybean oligosaccharides, and 0.7 g of xylo-oligosaccharides. During the past
decade various novel types of NDOs have been introduced as new ingredients for food manufacture, particularly in Japan where they are already one of the most
popular functional food components. Although these
oligosaccharides may contribute to the ¯avour and
physicochemical characteristics of foods, their anticipated and increasingly documented bene®cial eect on
health is the main reason for their rapidly increasing use.
They are classi®ed as prebiotics because they are not
hydrolysed nor absorbed in the upper part of the gastrointestinal tract, are claimed to bene®cially aect the
host by selectively stimulating the growth and/or activity of one or a limited number of bacterial species
already resident in the colon and in addition may
repress pathogen colonization, growth or virulence and
induce systemic eects which can be bene®cial to health
[9±14]. NDOs have also been shown to inhibit development of pathogens in the intestines by inhibiting the
attachment of bacterial pathogens to mucosal surfaces.
NDOs may act as receptor analogues which interfere in
the speci®c interaction between surface adhesins or lectins of bacterial pathogens and the oligosaccharide
component of glycoconjugate receptors present on the
brush border [15].
Another steadily growing class of dietary carbohydrates is formed by carbohydrate-based fat and sugar
replacers. They contribute to lower energy intake.
High fat intake is associated with increased risk for
certain types of cancers, saturated fat intake is associated with high blood cholesterol and coronary heart
disease.
Resistant starch is a relatively new class of dietary
carbohydrates which attract increased interest of food
manufacturers due to bene®cial eects they might have
for human health. Their fermentation in the colon causes a lowering of the pH, formation of short chain fatty
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acids and, for various types of resistant starch, a high
proportion of butyrate (for review see, e.g. Refs. [8, 16]).
They further increase faecal bulk, protect against colonic cancer, improve glucose tolerance and lower blood
lipid levels [1, 16]. Many of these properties they have in
common with other dietary ®bres. The nutritional
signi®cance of this latter group of non-digested carbohydrates has already been recognised for many years,
the range of dietary ®bre preparations is still growing
[17].

De®nitions

According to the IUB-IUPAC nomenclature, oligosaccharides are de®ned as saccharides containing
between three and 10 sugar moieties. Other authorities
classify saccharides including anything from three to 19
monosaccharide units in this group. There is not a
rational physiological or chemical reason for setting
these limits. Dietary carbohydrates form a continuum of
molecular sizes from simple sugars to complex polymers
and there is no simple, straightforward methodology to
separate oligosaccharides from polysaccharides [3, 18].
From a dietary point of view, many disaccharides posses properties similar to the larger sugars and are often
major components of oligosaccharide products. Hence,
disaccharides such as lactulose or xylobiose are included
as oligosaccharides [9].
In general, food-grade oligosaccharides are not pure
products, but are mixtures containing oligosaccharides
with dierent degrees of polymerization, the parent
polysaccharide or disaccharide and monomeric sugars.
Often they are available in several grades of purity. Fat
replacers are of a lipid, protein or carbohydrate nature.
They are categorized into three groups: low-calorie fats,
fat substitutes and fat mimetics. Low-calorie fats are
outside the scope of this paper. Fat substitutes are lipidor fat-based macromolecules that physically and chemically resemble triglycerides (e.g. sucrose polyesters or
alkyl glycoside polyesters). Fat mimetics are protein- or
carbohydrate-based substances that imitate organoleptic or physical properties of triglycerides and are common food constituents like starch, cellulose, pectin,
inulin or the synthetic polydextrose, a randomly bonded
polymer of glucose, sorbitol, and citric or phosphoric
acid. Fat substitutes are stable at cooking and frying
temperatures, fat mimetics are not because they bind
excess water [19].
Resistent starch is starch that escapes digestion and
absorption in the small intestine of humans and reaches
the large bowl. The most important forms of resistant
starch in the diet are: botanically encapsulated starch
present in `intact foods' (type I), starches with a B-type
crystalline structure present in unheated foods (type II,
e.g. tubers, banana, high amylose corn and rice varieties), starch retrograded as a result of full gelatinization
and dispersion by processing (type III), and thermally
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modi®ed starch as a result of dry-heat treatments and
chemically modi®ed starches. Amylose rich starches
retrograde to form a more rigid product than amylopectin rich starches. Retrograded starches characteristically
form the B-type pattern [8, 16, 20].
Non-starch polysaccharides, being the main class of
carbohydrates constituting dietary ®bre, has been the
subject of numerous studies on both physiological and
technological functionality. Recently the EU-concerted
action PROFIBRE was ®nished and reported [21]. The
necessity of a common platform for technology and
nutrition, based on the physico-chemical properties of
the dietary ®bre constituents was strongly recognised in
that project. The present review, however, will be con®ned mainly to oligosaccharides.

soluble ¯avours they are less ¯avourful than fats and
oils [19]. In addition, lowering the fat content of a food
by replacing fat with a fat substitute also aects the
vapour pressure of the food which is directly related to
¯avour intensity. The functionality of the carbohydratebased fat substitutes is based on their ability to increase
viscosity, to form gels, provide mouthfeel and texture,
and to increase water-holding capacity. Polydextrose, a
carbohydrate-based sugar (bulking agent) and fat
replacer, is soluble up to 80% giving viscous solutions
which behave Newtonian. Because of its high Tg (glass
transition temperature, 110 C), it contributes to more
stable foods. Polydextrose also functions as a cryoprotectant, freezing point depressor and gives an over-all
cooling eect to the food [22].

Physicochemical properties of functional
food-related novel carbohydrates relevant to foods
and food production
Physical properties

Chemical and microbial stability

Oligosaccharides
Oligosaccharides are water soluble and typically 0.3±
0.6 times as sweet as sucrose. The sweetness depends on
chemical structure, the degree of polymerization of the
oligosaccharides present and the levels of mono- and
disaccharides in the mixture. The low sweetness makes
them suitable as bulking agents and as ¯avour enhancers. The higher their molecular weight, the more viscosity they provide leading to improved body and
mouthfeel. They also have humectant properties, alter
the freezing temperature of frozen foods and may eect
the glass-transition temperature of foods. Oligosaccharides do not bind minerals and are easy to incorporate
into processed foods. Many of them have also been
shown to be strong inhibitors of starch retrogradation
[9].
Fat replacers
Fat contributes key sensory and physiological bene®ts
to foods, it contributes to the combined perception of
mouthfeel, taste and aroma/odour. Fat also contributes
to creaminess, appearance, palatability, texture, lubrication properties of foods and increases the feeling of
satiety during meals. It also can carry lipophilic ¯avour
compounds, can act as a precursor for ¯avour development and stabilize ¯avour. A very important characteristic of fat is its use for frying [19].
Carbohydrate-based fat substitutes physically and
chemically resemble fats and oils, they are also stable at
cooking and frying temperatures. Carbohydrate-based
fat mimetics dier strongly from fats and oils. Generally
they adsorb a substantial amount of water and are
therefore not suitable for frying. However, many of
them are suitable for baking and retorting. Since they
can only carry water-soluble ¯avours but not lipid-

Oligosaccharides
Most oligosaccharides have a moderate reducing
power by which they are still liable to Maillard reactions
when used in food to be heat processed. Fructo-oligosaccharides of the GFn type (composed of fructofuranosyl residues and one terminal, non-reducing glucosyl
residue), lactosucrose and glycosylsucrose have no
reducing power. At pH<4 and treatments at elevated
temperatures or prolonged storage at ambient conditions oligosaccharides present in a food can be hydrolysed resulting in loss of nutritional and
physicochemical properties. For fructo-oligosaccharides
it is reported that in a 10% solution of pH 3.5 less than
10% is hydrolysed after heat treatments of 10 s at
145 C, 5 min at 45 C, or 60 min at 70 C. After two days
at 30 C, less than 5% is hydrolysed. The stability can
greatly dier for the various classes of oligosaccharides
depending from the sugar residues present, their ring
form and anomeric con®guration and linkage types.
Generally -linkages are stronger than -linkages,
hexoses are more strongly linked than pentoses and
deoxysugars, pyranoses are more strongly linked than
furanoses. Because they are not utilized by mouth
micro¯ora to form acid or polyglucans, they can also be
used as low-cariogenic sugar substitutes in products like
confectionery (in combination with bulking agents),
chewing gums, yoghurts and drinks. NDOs still remain
substrates for micro-organisms and will be metabolised
in fermentation processes.
Fat replacers
Carbohydrate-based fat substitutes are mixtures of
sucrose esters formed by chemical transesteri®cation or
interesteri®cation of sucrose with one to eight fatty
acids, the class with six to eight fatty acids are called
sucrose fatty acids polyesters, the class with one to three
fatty acids are called sucrose fatty acid esters (SFE).
Unlike sucrose fatty esters polyesters the SFEs are easily
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hydrolysed and absorbed by digestive lipases and
are, thus, caloric. SFEs containing ®ve to seven free
hydroxyl groups with one to three fatty acid esters
results in hydrophilic and lipophilic properties and,
thus, gives them excellent emulsifying and surface active
properties. In addition they are eective lubricants,
anticaking agents, thinning agents and antimicrobials
[19]. Other carbohydrates modi®ed to fatty acid esters
are sorbitol, trehalose, ranose and stachyose. The
functionality and potential application of the sucrose
fatty acid polyesters is governed by the type of fatty
esters used in the manufacture.
The chemical stability of carbohydrate-based fat
mimetics is comparable with the stability of NDOs and
depends upon the type of constituent sugar residues,
ring form and anomeric con®guration, type of linkages
and degree of branching. It also depends upon their
solubility. At low and high pHs and high temperature
they are liable to degradation. Since they are polysaccharides their participation in Maillard reactions is
negligible. Polydextrose, being a mixture of molecules
ranging in degree of polymerization of 1 to 100 with a
molecular weight average of 10, shows Maillard reactions unless they have been reduced [22]. For use as a fat
mimetic polydextrose is coated with fat. Polydextrose is
only partially fermented by intestinal microorganisms
producing short chain fatty acids.

Sources
Naturally occurring
Oligosaccharides
NDOs occur naturally in food raw materials and food
products. The most prominent example are fructans
(e.g. inulin) which are common to edible parts of a
variety of plants like onion, Jerusalem artichoke, chicory, leek, garlic, artichoke, banana, rye, barley, yacon
and salsify. For most of these sources, concentrations
range between 0.3 and 6% of fresh weight; for chicory
and salsify these values are between 5 and 10% while in
Jerusalem artichoke and yacon they can go up to 20%.
Based on the average consumption of these natural
sources, an average daily consumption of fructooligosaccharides of approximately 13.7 mg/kg body weight/
day or 806 mg/day has been estimated [11, 23]. Other
examples of naturally occurring NDOs are the galactosylsucroses ranose and stachyose in soyabean and
other pulses and leguminous seeds, xylo-oligosaccharides in bamboo shoots and galactose-containing oligosaccharides in milk, particularly colostrum either in free
form or as glycoconjugates [24]. In some foods NDOs
may be present which are generated during processing like
xylo-oligosaccharides in bread, isomalto-oligosaccharides
in beer, soy sauce and sake, cell-wall-derived NDOs in
fruit juices obtained by enzymatic processing and in
fermented foods by microbial conversions.
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Fat replacers and resistant starch
Sources for carbohydrate-based fat mimetics are acid
or enzymatically hydrolysed starches, inulin, pectins,
guar, locust bean gum, xanthan gum, carrageenan, gum
arabic, micro-crystalline cellulose. Sources for resistant
starch are legumes or high amylose cereal starches.

Commercial production
Oligosaccharides
For commercial production, NDOs could be extracted from these natural sources as is the case for the
galacto-oligosaccharides from soyabean, but they can
also be obtained (bio)chemically. The use of well characterized enzymes allows the speci®c production of
NDOs. Enzymatic hydrolysis of inulin is a process
which is already commercially used for the production
of fructo-oligosaccharides containing the Fn type
(composed of only fructofuranosyl residues) and the
GFn type (composed of fructofuranosyl residues and
one terminal, non-reducing glucosyl residue).
A new source of NDOs are plant cell wall polysaccharides. Similar enzymatic hydrolysis processes
could also be applied for the production of a whole
array of oligosaccharides from this source. Such plant
polysaccharides are often present in large amounts in
®bre-rich by-products and wastes (e.g. cereal bran, fruit
pomace, sugar-beet pulp, potato ®bre and press cakes of
oleaginous seeds or pulses). The availability of wellde®ned enzymes or enzyme combinations for the tailored production of NDOs from these substrates is a
prerequisite. More and more they are becoming available. Figure 1 schematically shows the potential production of oligosaccharides from dierent plant cell wall
polysaccharides.
Oligosaccharides are also being produced starting out
from small carbohydrates such as disaccharides using
enzyme catalysed transglycosylation reactions. Current
examples are listed in Table 2. Crittenden and Playne [9]
showed schematic pathways of how these oligosaccharides can be manufactured starting from lactose, sucrose,
inulin and starch and listed commercial available oligosaccharides [2].
Sucrose fatty acid polyester and sucrose fatty acid
esters are mixtures of synthetic sucrose esters obtained
by transesteri®cation or interesteri®cation of sucrose
with fatty acids. The ®rst step of the process involves
hydrolysing and methylating fatty acids to form fatty
acid methyl esters. The esters are added to sucrose for
transesteri®cation or to sucrose octaacetate for ester
interchange using catalyst, under anhydrous conditions.
The resulting crude product is puri®ed by washing,
bleaching and deodorizing to remove free fatty acids
and odours, followed by distillation to remove unreacted fatty acid methyl esters and sucrose esters with low
degrees of fatty acid substitution [19].
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Most carbohydrate-based sugar and fat replacers are
extracted from by-products rich in cell wall polysaccharides, from seaweed, seeds, chicory roots, puri®ed
from plant exudates or produced by food-grade microorganisms. Resistant starch is obtained from amyloserich corn starch, gelatinized by autoclaving and cooled
under conditions promoting retrogradation (at 4 C
and a hydration level of more than 70%). Resistant
starch can also be formed in the food by promoting

starch degradation during cooking process and postcooking treatment.
Polydextrose is obtained by vacuum thermal polymerization of glucose, using citric acid as catalyst and
sorbitol as plasticizer. Without further re®nement crude
polydextroses are acidic, bitter and astringent and are
able to react with amine groups [22]. By further processing the undesirable characteristics can be removed (e.g.
removal of citrate esters, neutralization and reduction).

Fig. 1. Production of oligosaccharides by enzymatic hydrolysis of plant polysaccharides [29].
Table 2. NDOs obtained by transglycosylation reactions
Starting saccharides

Enzyme used

NDOs formed

Lactose
Lactose and sucrose
Maltose and sucrose
Sucrose
Starch>>>maltose
Starch>maltodextrins
Sucrose
Palatinose
Lactose

-Galactosidase
Levansucrase
Cyclomaltodextringlucanotransferase
Fructosyltransferase
-Glucosidase
-Glucosidase
Sucrose-6-glucosylmutase
Intermolecular condensation
Isomerization by alkali

-Galacto-oligosaccharides
Lactosucrose
Glucosylsucrose
Fructo-oligos, GFn type
Isomaltooligosaccharides
Gentio-oligosaccharides
Palatinose
Palatinose oligosaccharides
Lactulose

A.G.J. Voragen/Trends in Food Science & Technology 9 (1998) 328±335

Uses of functional food related carbohydrates

Typical products in which NDOs are applied are listed in Table 3.
Carbohydrate-based sugar and fat replacers have
found uses in many products (e.g. baked goods, salad
dressing, beverages, frozen deserts, margarine, shortening, spreads and butter, confectionery, processed
meat products, dairy products, soups, sauces, gravies
and snack products).

Process monitoring for function

Process monitoring for function must deal with
dosages, composition (homogeneity) of dietary carbohydrate preparations and elucidation of chemical structures, reactivity through reducing groups (Maillard
reaction), loss through hydrolysis, the relationship
between chemical structure (DP, type of monosaccharides, type of glycosidic linkages, degree of
branching) and functionality. Van Laere et al. [25]
showed in vitro that the oligosaccharides present in an
arabinoxylo-oligosaccharide preparation or transgalacto-oligosaccharides were not selectively fermented by
bi®dobacteria. They can be fermented by various species. Their presence was found to give the fermentation
a more saccharolytic character.
An accurate determination of the amount of dietary
carbohydrates in food including dierentiation to various types is therefore often a prerequisite. However,
analysis is rather complex. For instance in food a wide
variety of dierent NDOs exists, frequently accompanied by high concentrations of digestible monomeric
sugars like glucose and fructose, dimeric sugars like
sucrose, maltose and lactose or by maltodextrins. The
determination of oligosaccharides is hampered by the
need to dierentiate between the various classes of
NDOs and within a class between structural variations,
since the physiological eects of these groups might be
dierent. High-performance Anion-Exchange Chromatography (HPAEC) is useful in the analysis of most of
the individual oligosaccharides present in foodstus.
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Sample pre-treatment is of ultimate importance in this
process. Size-exclusion chromatography is an essential
part of this. A drawback of HPAEC analysis is that this
technique can only be eciently used in combination
with Pulsed Amperometric Detection (PAD). PAD
detectors lack a uniform response towards the same
functional groups of carbohydrates. When reference
compounds are available for each and every oligosaccharide, this is not a problem but this is not often the
case. A promising alternative is detection based on a
post column reaction [26]. An important step forward in
the identi®cation of unknown structures is the on-line
combination of mass spectrometry with HPAEC using a
suitable interface [27]. For absolute structure elucidation NMR-spectroscopy is essential.
For the analysis of fructans and fructo-oligosaccharides, a method has recently been validated in a collaborative study based on extraction, removal of starch
and malto-dextrins by amyloglucosidase treatment, followed by degradation of the fructans and fructo-oligosaccharides to fructose with an inulinase and the
fructose determined by HPAEC-PAD. The concentration of fructans and fructo-oligosaccharides is calculated from the fructose value with correction for sucrose
present [28].
Methods of analysis of dietary ®bre can be divided in
two groups:
. Gravimetric methods in which the ®bre is isolated
and weighed. It includes non-starch polysaccharides
(NSP) and lignin and possibly includes part of
inulin and resistant starch. The type of NSP can
not be identi®ed.
. Component analysis methods in which dietary
®bre constituents are determined more or less speci®cally. Lignin and resistant starch are not included, inulin might possibly be partial included [18].
Several methods to analyse resistant starch have been
published. In principle, the methods mimic the hydrolysis of the starch in the upper part of the digestive tract

Table 3. Typical products in which NDOs are applied
Milk products

Fermented milk
Instant powders
Powdered milk
Ice cream

Beverages

Fruit drinks
Coee, cocoa, tea
Soda
Health drinks
Alcoholic beverages

Confectionery

Candy
Cookies
Biscuits
Chocolate
Sweets

Desserts

Puddings
Jellies
Sherberts

Fruits

Jam
Preserves
Marmalade

Meat products

Fish paste
Tofu
etc.
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by endogenous enzymes. Quanti®cation of resistant
starch can then be made by direct analysis of the residual starch after the hydrolysis or by subtracting the
amount of starch that had been digested from the total
starch content of the sample. None of the methods presently available are able to analyse resistant starch as
de®ned because they only quantify enzyme resistant
starch, whereas potentially digestible starch reaches the
end of the small intestines. In samples collected at the
end of the small intestine of humans three more or less
distinct fractions could be recognized: oligosaccharides,
crystallites (linear chains of -glucans) and long chains
or damaged starch granules [20].

Future development and research needs

It is obvious that we lack knowledge on the dynamics
of the fermentation of oligosaccharides in the large
intestine. We need to know more about the relationship
between the chemical structure of individual oligosaccharides and of groups of structurally related oligosaccharides and their fermentability by important
intestinal bacteria bene®cial to health: the rate at which
oligosaccharides are fermented depending on DP, sugar
and glycosidic linkage and degree of branching, synergy
between bacteria during fermentation, relationship
between substrate, bacteria and fermentation products,
nature of the fermentations and saccharolytic capacity.
This knowledge is required to optimise oligosaccharide
preparations. Are the present oligosaccharides fermented too fast, only in the proximal part of the colon
and should future NDOs be targeted more for the distal
part? How should the ideal NDOs look and how can
they be tailored? To answer these questions our analytical potentials need to be improved and should enable
us to monitor the conversion of individual oligosaccharides in the large intestines. Improvements in our
understanding of the role of carbohydrates in normal
cell processes and diseases is likely to lead to the development of new dietary oligosaccharide products for the
prevention or treatment of pathogen colonization of the
gastrointestinal tract. With this larger knowledge base
we will be able to tailor-make novel dietary carbohydrates (e.g. NDOs, fat replacers, ®bre preparations) by
improving extraction and fractionation procedures and
modi®cation by controlled enzymatic, chemical or physical treatments to induce desired physiological and
nutritional properties. Also new process designs can be
developed to generate and optimize novel carbohydrates
with desired nutritional and physiological properties
from polysaccharides indigenous to the raw materials
(e.g. formation of resistant starch by physical treatments, change proportions of soluble and insoluble
dietary ®bre, aect the digestibility of starch and colon
fermentability of dietary ®bre rich foods, binding of
water, bile salts, multivalent cations, etc., and the porosity and micro-structure of the cell wall matrix.

References
1 Bellisle, F., Diplock, A.T., Hornstra, G., Koletzko, B., Roberfroid,
M., Salminen, S and Saris, W.H.M. (1998) `Functional Food Science in Europe', a European Commission Concerted Action
Programme, funded within the FAIR RTD Programme and
organized by the International Life Sciences Institute-ILSI Europe in Br. J. Nutrition 80, Suppl. 1, s1±s193
2 Playne, M.J. and Crittenden, R. (1996) `Commercially available
Oligosaccharides' in Bull. Int. Dairy Fed. 313, 10±22
3 Cummings, J.H., Roberfroid, M.B., Anderson, H., Barth, C., FerroLuzzi, A., Ghoos, Y., Gibney, M., Hermonson, K., James, W.P.T.,
Korver, O., Lairon, D., Pascal, G. and Voragen, A.G.J. (1997)
`Review. A New Look at Dietary Carbohydrate: Physiology and
Health' in Eur. J. Clin. Nutr. 51, 417±423
4 Asp, N.-G. (1995) `Classi®cation and Methodology of Food
Carbohydrates as Related to Nutritional Eects' in Am. J. Clin.
Nutr. 61,Suppl. 4, 980s±987s
5 Cummings, J.H., Gibson, G.R. and Macfarlane, G.T. (1989)
`Quantitative Estimate of Fermentation in the Hindgut of Man'
in Acta Veterin. Scandin. 86, 76±82
6 Cummings, J.H. (1983) `Fermentation in the Human Large
Intestine: Evidence and Implications for Health' in The Lancet
206, 1206±1209
7 Cummings, J.H. and Macfarlane, G.T. (1991) `A review: The
Control and Consequences of Bacterial Fermentation in the
Human Colon' in J. Appl. Bacteriol. 70, 443±459
8 Asp, N.-G., van Amelsfoort, J.M.M. and Hautvast, J.G.A.J. (1994)
`Preface' in Proceedings of the Concluding Plenary Meeting of
EURESTA. Physiological Implications of the Consumption of
Resistant Starch in Man. European FLAIRÐConcerted Action
No. 11 (Cost 911), Wageningen, The Netherlands, i±ii
9 Crittenden, R.G. and Playne, M.J. (1996) `Production, Properties
and Applications of Food-grade Oligosaccharides' in Trends
Food Sci. Technol. 7, 353±361
10 Tomomatsu, H. (1994) `Health Eects of Oligosaccharides' in
Food Technol. 10, 61±65
11 Spiegel, J.E., Rose, R., Karabell, P., Frankos, V.H. and Schmitt,
D.F. (1994) `Safety and Bene®ts of Fructo-oligosaccharides as
Food Ingredients' in Food Technol. 1, 85±89
12 Gibson, G. and Roberfroid, M. (1995) `Dietary Modulation of the
Human Colonic Microbiota: Introducing the Concept of Prebiotics' in J. Nutr. 125, 1401±1412
13 Roberfroid, M. (1993) `Dietary Fiber, Inulin and Oligofructose: A
Review Comparing their Physiological Eects' in Crit. Rev. Food
Sci. Nutr. 33, 103±148
14 Delzenne, N.M. and Roberfroid, M. (1994) `Physiological Eects
of Non-digestible Oligosaccharides' in Lebensmittel-Wissentschaft
und Technologie 27, 1±6
15 Morgan, A.J., Mul, A.J., Beldman, G. and Voragen, A.G.J. (1992)
`Dietary OligosaccharidesÐNew Insights' in Agro-Food-Industry Hi-Tech, Nov/Dec, 35±38
16 BjoÈrck, I. and Asp, N.-G. (1994) `Controlling the Nutritional
Properties of Starch in FoodsÐA Challenge to the Food Industry' in Trends Food Sci. Technol. 5, 213±218
17 Lahaye, M. and Kaeer, B. (1997) `Seaweed Dietary Fibres:
Structure, Physicochemical and Biological Properties Relevant
to Intestinal Physiology' in Sciences des Aliments 17, 563±
584
18 Asp, N.-G., Schweizer, T.F., Southgate, D.A.T. and Theander, O.
(1992) `Dietary Fibre Analysis' in Dietary FibreÐA Component
of Food. Nutritional Function in Health and Disease. (Schweizer,
T.F. and Edwards, C.A., Eds), pp. 57±101, Springer, London
19 Akoh, C.C. (1998) `Fat Replacers' in Food Technol. 52, 47±53
20 Champ, M. and Faisant, N. (1996) `Resistant Starch' in Carbohydrates as Organic Raw Materials (Van Bekkum, H., RoÈper, H.
and Voragen, A.G.J., eds.), pp. 189±215, VCH, New York, NY

A.G.J. Voragen/Trends in Food Science & Technology 9 (1998) 328±335
21 Guillon, F., Amado, R., Amaral-Cllao, M.T., Andersson, H., Bach
Knudsen, K.E., Champ, M., Mathers, J., Robertson, J.A., Rowland,
I. and Van Loo, J. (1998) ```Pro®bre'' Dietary Fibre: Structural and
Physical Properties of Non-starch Polysaccharides, and Resistant Starch, and Consequences of Processing on Human Physiology' in European Air Concerted Action AIR3CT94-2203,
INRA-Nantes, France
22 Craig, S.A.S., Anderson, J.M., Holden, J.F. and Murray, P.R. (1996)
`Bulking Agents: Polydextrose' in Carbohydrates as Organic Raw
Materials (Van Bekkum, H., RoÈper, H. and Voragen, A.G.J., eds.),
pp. 217±230, VCH, New York, NY
23 Van Loo, J., Coussement, P., Leenheer, L. de, Hoebregs, H. and
Smits, G. (1995) `On the Presence of Inulin and Oligofructose as
Natural Ingredients in the Western Diet' in C.R.C. Crit. Rev.
Food Science Nutrit. 35, 525±552
24 Yamashita, K. and Kobata, A. (1974) `Oligosaccharides of
Human Milk. Isolation and Characterization of a New Trisaccharide, 60 -galactosyllactose' in Arch. Biochem. Biophys. 161,
164±170
25 Van Laere, K.M.J., Schols, H.A. and Voragen, A.G.J. (1997) `The
In¯uence of the Chemical Structure of Oligosaccharides on the

26

27

28
29

335

Fermentability by Intestinal Bacteria' in Med. Fac. Landbouww.
Univ. Gent, 62/4a, 1297±1303
Schols, H.A., Laere, K.M.J. and Voragen, A.G.J. (1995) `Determination of Oligosaccharides' in Cost 92 Metabolic and Physiological Aspects of Dietary Fibre in Food. Copenhagen (DK).
Recent Progress in the Analysis of Dietary Fibre, European
Commission, Luxemburg, 53±59
Niessen, W.M.A., Van der Hoeven, R.A.M., Van der Greef, J.,
Schols, H.A., Voragen, A.G.J. and Bruggink, C.J. (1993) `Recent
Progress in High-performance Anion-exchange Chromatography-thermospray Mass Spectrometry of Oligosaccharides'
in J. Chromatogr. 647, 319±327
Hoebregs, H. (1997) `Fructans in Foods and Food Products, Ionexchange Chromatographic Method: Collaborative Study' in J.
AOAC International 80, 1029±1037
Van Laere, K.J.M., Bosveld, M., Schols, H.A., Beldman, G. and
Voragen, A.G.J. (1997) `Fermentative Degradation of Plant Cell
Wall Derived Oligosaccharides by Intestnal Bacteria' in Proceedings of the International Symposium ``Non-digestible oligosaccharides: healthy food for the colon''. Graduate School
VLAG, Wageningen Agricultural University, The Netherlands

Any Suggestions?
Articles published in TIFS are usually specially invited by the Editor, with assistance from
our International Advisory Editorial Board. However, we welcome ideas from readers for
articles on exciting new and developing areas of food research. A brief synopsis of the
proposal should ®rst be sent to the Editor, who can provide detailed guidelines on manuscript preperation.
Mini-reviews focus on promising areas of food research that are advancing rapidly, or are
in need of re-review in the light of recent advances or changing priorities within the food
industry. Thus they are shorter than conventional reviews, focusing on the latest developments and discussing likely future applications and research needs.
Features are similar in style to mini-reviews, highlighting speci®c topics of broad appeal to
the food science community.
The Viewpoint section provides a forum to express personal options, observations or
hypotheses, to present new perspectives, and to help advance understanding of controversial issues by provoking debate and comment.
Conference Reports highlight and assess important developments presented at relevent
conferences worldwide.
TIFS also welcomes Letters to the Editor concerned with issues raised by published articles
or by recent developments in the food sciences.
All Review-style articles are subject to editorial and independent peer review by international experts in the appropriate ®eld.

本文献由“学霸图书馆-文献云下载”收集自网络，仅供学习交流使用。

学霸图书馆（www.xuebalib.com）是一个“整合众多图书馆数据库资源，
提供一站式文献检索和下载服务”的24 小时在线不限IP 图书馆。
图书馆致力于便利、促进学习与科研，提供最强文献下载服务。

图书馆导航：
图书馆首页

文献云下载

图书馆入口

外文数据库大全

疑难文献辅助工具

